
ANTIBODIES TO RECEPTOR OF ADVANCED GLYCATION END
PRODUCTS (RAGE) AND USES THEREOF TECHNICAL FIELD The
present application relates to antibodies,
particularly monoclonal antibodies, and in particular
CDR grafted, humanized versions thereof, that may be
used in the treatment and diagnosis of Alzheimer's
Disease (AD), central nervous system cell
degeneration, impaired learning and memory, abnormal
transport of amyloid Band other neuroinflammatrory
conditions associated with the Receptor of Advanced
Glycation End Products (RAGE). In particular, the
present invention relates to antibodies and fragments
thereof that bind to RAGE. BACKGROUND INFORMATION
Alzheimer's Disease (AD) is the most frequent cause
for dementia among the aged, with an incidence of
about 10% of the population in those above 65 years of
age. With increasing age, the probability of disease
also rises. Globally, there are about 15 million
people affected with the disease and further increases
in life expectancy are expected to increase the number
of people affected with the disease to about
three-fold over the next decades. In view of the
foregoing, there is a tremendous and immediate need
for a treatment for AD. With such treatment, affected
patients may be able to maintain a functional and
active lifestyle for many years beyond that which is
not possible without such treatment. Thus, not only
are there financial implications for such a treatment
but "quality of life" implications as well, for the
patients as well as for their caregivers. From a
molecular point of view, AD is characterized by a
deposit of abnormally aggregated proteins. In the case
of extra-cellular amyloid plaques, these deposits
consist mostly of amyloid-b-peptide filaments (AB),
and in the case of the intracellular neurofibrillary
tangles (NFTs), mostly of the tau protein. AD is also
characterized by an increased neuronal expression of
RAGE. RAGE is a multi-ligand receptor of the
immunoglobulin family which functions as a
signal-transducing cell surface acceptor for AB.AR40
infusion in mice has been shown by several groups to
lead to vasoconstriction of cerebral vessels and a
decrease of cerebral blood flow (CBF). Patients
suffering from AD also have a decreased cerebral blood
flow. In mouse models of AD where the transgenic
animals overexpress the protein Amyloid Precursor
Protein (APP) that leads to disease causing plaque
formation, RAGE has been implicated as a pathogenic
factor in the disease progression (Deane et al. Nature
Medicine 9(7) pp 907-913, 2003; Arancio et al. EMBOJ,
1-10, 2004). RAGE has been shown to bind to
AB-peptides. Inhibition of this interaction suppresses
accumulation of AB in the transgenic animal model;
therefore RAGE is believed to be involved in AD.
Treatment with sRAGE (soluble RAGE) as well as
anti-RAGE antibodies has been shown to lower plaque
numbers (Deane et al, 2003). Blocking the interaction
of RAGE with amyloid by antibodies could become a
treatment for AD patients; however, existing
polyclonal antibodies generated from animal serum are
not suited for the chronic treatment of humans.
Interaction of RAGE with Ab is disclosed in WO
2006/077 101Al , which describes competition of RAGE
lacking the v-domain for the binding of AB to RAGE, as
well as the competition of peptides representing parts
of the C-terminal domain of RAGE, mostly the Cl
-domain. Interaction of anti-RAGE antibodies with the
vdomain of RAGE is disclosed in WO2007109749(A2);
which also describes that binding of different ligands
(S100b, HMGB1 (High Mobility Group Box 1 protein),
amyloid ab) would bind to RAGE via binding to this
domain. WO 2008/137552 A2 discloses certain monoclonal
anti-RAGE antibodies binding to different domains of
RAGE. Most of said antibodies inhibit the interaction
of human RAGE and a complex of HMGBland CpG DNA. WO
2006/077101 relates to the identification,
functionality and use of peptides designated AGER-RME
and AGER-CDP of RAGE. Said peptides are inter alia
applicable for identifying and preparing RAGE binding
ligands like anti-RAGE antibodies.The present
invention describes novel monoclonal antibodies that
bind to the C-domains of RAGE and the specific
interaction and competition with the binding of Ab
with monoclonal antibodies for the Cl and C2-domain in
RAGE. SUMMARY OF THE INVENTION The present invention
provides binding molecules, in particular antibodies,
that bind specifically to RAGE; representative
anti-RAGE antibodies of the inventionmay comprise at
least one of the antibody variable region amino acid
sequences shown in SEQ ID NOs: 1, 5, 9, 13, 17, and
21, or individual CDRs thereof or related CDR
sequences, as specified in more detail below.
Specifically the present invention provides monoclonal
antibodies that bind to RAGE, more specifically
monoclonal antibodies that bind to the C-domain of
RAGE. 



Included in the present invention are anti-RAGE
antibodies that bind specifically to RAGE and comprise
a light chain variable region having an amino acid
sequence that is at least 90% identical to any of SEQ
ID NOs.: 5, 13, and 21, or is a RAGE-binding fragment
of an antibody comprised in said sequences. Also
included are anti-RAGE antibodies that bind
specifically to RAGE and comprise a heavy chain
variable region having an amino acid sequence that is
at least 90% identical to any of SEQ ID NOs.: 1, 9,
and 17, or is a RAGE-binding fragment of an antibody
comprised in said sequences. A particular embodiment
of the present invention is represented by several
monoclonal antibodies that are able to bind to the
C-domain of RAGE, and to block the binding of AB
-globulomers. More specifically the present invention
describes monoclonal antibody 11E6, which binds to the
C-2 domain of RAGE, does not bind to peptides with
amino acid sequences used to generate polyclonal
antibodies, and is able to neutralize in vivo the
effect of AB1-40 on cerebral vasculature in mice. The
anti-RAGE antibodies of the invention include
antibodies that bind specifically to the C-domain of
RAGE. The anti-RAGE antibodies of the invention
include an anti-RAGE antibody or a RAGE-binding
fragment as described above, which is selected from
the group consisting of chimeric antibody, a
CDR-grafted or humanized antibody, a single chain
antibody, a fusion protein, and a human antibody. In
various embodiments, the antibodies of the invention
are recombinant antibodies or monoclonal antibodies.
Particular neutralizing antibodies of the present
application are referred to herein as mAb7F9, mAbl
1E6, and mAb4E5 and functional antibody fragments
thereof, and other antibodies and functional antibody
fragments with equivalent properties to mAb7F9, mAbl
1E6, and mAb4E5, such as high affinity binding to RAGE
with low dissociation kinetics and high neutralizing
capacity, are intended as part of the present
invention. The human antibodies of the present
application, however, may include amino acid residues
not encoded by human germline immunoglobulin
immunogenic RAGE polypeptide or fragment thereof,
thatmay be determined by any method known in the art.
For example, the binding affinity can be measured by
competitive ELISAs, c RIAs, BIAcore or KinExA
technology. The dissociation rate also can be measured
by BIAcore or KinExA technology. The binding affinity
and dissociation rate are measured by surface plasmon
resonance using, e.g., BIAcore. One of the monoclonal
antibodies of the present application, the mAb7F9
antibody, has at least 90% amino acid sequence
identity with a sequence comprising a heavy chain
variable region (VH region) comprising the sequence of
SEQ ID NO: 1; and SEQ ID NOs. 2, 3, and 4 which are
residues 31-35, 50-68, and 101-108 of SEQ ID NO: 1,
respectively. The mAb7F9 antibody of the present
invention has at least 90% amino acid sequence
identity with a sequence comprising a light chain
variable region (VL region) comprising the sequence of
SEQ ID NO: 5, and SEQ ID NOs. 6, 7, and 8 which are
residues 24-34, 50-56, 89-97 of SEQ ID NO: 5,
respectively. Another of the monoclonal antibodies of
the present application, the mAbl 1E6 antibody, has at
least 90% amino acid sequence identity with a sequence
comprising a heavy chain variable region (VH region)
comprising the sequence of SEQ ID NO: 9; and SEQ ID
NOs. 10, 11, and 12 which are residues 31-35, 50-66,
and 99-109 of SEQ ID NO: 9, respectively. The mAbl 1E6
antibody of the present invention has at least 90%
amino acid sequence identity with a sequence
comprising a light chain variable region (VL region)
comprising the sequence of SEQ ID NO: 13, and SEQ ID
NOs. 14, 15, and 16 which are residues 24-34, 50-56,
89-97 of SEQ ID NO: 13, respectively. The mAbl 1E6
binds to the C-2 domain of RAGE, does not bind to
peptides with amino acid sequences used to generate
polyclonal antibodies, and is able to neutralize in
vivo the effect of AB1-40 on cerebral vasculature in
mice. Another of the monoclonal antibodies of the
present application, the mAb4E5 antibody, has at least
90% amino acid sequence identity with a sequence
comprising a heavy chain variable region (VH region)
comprising the sequence of SEQ ID NO: 17; and SEQ ID
NOs. 18, 19, and 20 which are residues 31-35, 50-66,
and 99-109 of SEQ ID NO: 17, respectively. The mAb4E5
antibody of the present invention has at least 90%
amino acid sequence identity with a sequence
comprising a light chain variable region (VL region)
comprising the sequence of SEQ ID NO: 21, and SEQ ID
NOs. 22, 23, and 24 which are residues 24-34, 50-56,
89-97 of SEQ ID NO: 21, respectively.It is also
intended that the isolated monoclonal antibodies that
interact with RAGE of the present application may be a
glycosylated binding protein wherein the antibody or
antigen-binding portion thereof comprises one or more
carbohydrate residues. Nascent in vivo protein
production may undergo further processing, known as
post-translational modification. In particular, sugar
(glycosyl) residues may be 



added enzymatically, a process known as glycosylation.
The resulting proteins bearing covalently linked
oligosaccharide side chains are known as glycosylated
proteins or glycoproteins. Protein glycosylation
depends on the amino acid sequence of the protein of
interest, as well as the host cell in which the
protein is expressed. Different organisms may produce
different glycosylation enzymes (eg.,
glycosyltransferases and glycosidases), and have
different substrates (nucleotide sugars) available.
Due to such factors, protein glycosylation pattern,
and composition of glycosyl residues, may differ
depending on the host system in which the particular
protein is expressed. Glycosyl residues useful in the
invention may include, but are not limited to,
glucose, galactose, mannose, fucose,
n-acetylglucosamine and sialic acid. The antibodies of
the present application comprise a heavy chain
constant region, such as an IgGl, IgG2, IgG3, IgG4,
IgA, IgE, IgM or IgD constant region. Furthermore, the
antibody can comprise a light chain constant region,
either a kappa light chain constant region or a lambda
light chain constant region. Particularly, the
antibody comprises a kappa light chain constant
region. Alternatively, the antibody portion can be,
for example, a Fab fragment or a single chain Fv
fragment. Replacements of amino acid residues in the
Fc portion to alter antibody effector function are
known in the art (Winter, et al. U.S. Pat. Nos.
5,648,260; 5,624,821). The Fc portion of an antibody
mediates several important effector functions e.g.
cytokine induction, ADCC, phagocytosis, complement
dependent cytotoxicity (CDC) and halflife/ clearance
rate of antibody and antigen-antibody complexes. In
some cases these effector functions are desirable for
therapeutic antibodies but in other cases might be
unnecessary or even deleterious, depending on the
therapeutic objectives. Certain human IgG isotypes,
particularly IgGl and IgG3, mediate ADCC and CDC via
binding to Fcg Rs and complement CIq, respectively.
Neonatal Fc receptors (FcRn) are the critical
components determining the circulating half-life of
antibodies. In still another embodiment at least one
amino acid residue is replaced in the constant
regionof the antibody, for example the Fc region of
the antibody, such that effector functions of the
antibody are altered. BRIEF DESCRIPTION OF THE FIGURES
Figures IA -1C show ELISA binding of recombinant and
hybridoma-derived anti-human RAGE monoclonal
antibodies 7F9, 11E6, and 4E5 to recombinant human
RAGE. Figure 2 shows characterization of monoclonal
antibodies 7F9, 11E6, and 4E5 by dot blot binding.
Figures 3A - 3C show HTRF assay results showing sRAGE
- Ab-globulomers - monoclonal antibodies competition.
Figure 4 shows HTRF sRAGE - Ab-globulomer binding.
Figure 5 shows binding of Ab-globulomer to sRAGE-Fc
and to RAGE vdomain. Figures 6A - 6C show ELISA
binding experiments of monoclonal antibodies of the
invention to different RAGE fragments. Figures 7A - 7C
show ELISA binding experiments of monoclonal
antibodies of the invention to different RAGE
fragments. Figures 8a - 8f show changes of Cerebral
Blood Flow induced by different doses of ABl -40.
Figures 9a - 9c show effects of 11E6 in ABl-40-induced
changes in Cerebral Blood Flow. Figures 10 show
changes of Cerebral Blood Flow observed in Aged Tg2576
mice treated with different doses of 11E6 or control
antibody. Figure 11 shows that antibody 11E6 protects
hippocampal neurons against AB induced dynamin
cleavage. Upper panel: Samples representing repeated
experimental conditions from a single experiment are
shown and treatment concentrations (in mM) are
indicated above. Cells without addition of AB show
mostly intact (-100 kDa) dynamin I signals ( 1st bar),
which is decreased and reverted to a ~90kDa cleavage
product in cells treated with 5mM AB (2nd bar).
Antibody 11E6 treatment (3rd bar) prevents the
cleavage, whereas an IgI control antibody (4th bar) is
without a pronounced protective effect. Lower panel:
Quantification of the dynamin signal of three
independent experiments (expressed as % dynamin +/-
SEM after normalizationto OmM AB treatment) revealed a
statistically significant protective effect of 11E6
(One-way ANOVA, Kruskal Wallis test followed by Dunns
test; indicates p<0,05) Figure 12 shows the influence
of 11E6 (A) or Control antibody (B) on the
Globulomer-induced strong suppression of synaptic
transmission in rat hippocampal slice culture. 0.1 mM
11E6 completely reversed the globulomer-induced
deficits ( see (A)). Figure 13 shows the effect of 12
week treatment with antibody 11E6 on amyloid plaque
deposits in Tg2576 mice. Area covered with plaques
(A,B) and 



number of plaques (C,D) as detected by labelling with
the anti Ab antibody 6Gl after 11E6 or IgGl control
antibody treatment (n=19/group) is shown. Treatment
with 11E6 reduced area covered by and number of
deposits in the neocortex by 24.5% (A) and 26.8% (C),
respectively. Statistical analysis revealed a strong
trend ( asterisks in brackets, p<0.06; Mann-Whitney
U-test). The reduction was statistically significant
in the frontal cortex (asterisks, p<0.05; Mann-Whitney
U-test) where the area of deposits was reduced by
23.5% (B) and their number by 26.8% (D) after 11E6
treatment. LIST OF SEQUENCES SEQ ID NO: 1: amino acid
sequence of mAb VH 7F9 SEQ ID NO: 2 : amino acid
sequence of mAb VH 7F9 CDR-Hl SEQ ID NO: 3: amino acid
sequence of mAb VH 7F9 CDR-H2 SEQ ID NO: 4 : amino
acid sequence of mAb VH 7F9 CDR-H3 SEQ ID NO: 5 :
amino acid sequence of mAb VL 7F9 SEQ ID NO: 6 : amino
acid sequence of mAb VL 7F9 CDR-Ll SEQ ID NO: 7 :
amino acid sequence of mAb VL 7F9 CDR-L2 SEQ ID NO: 8
: amino acid sequence of mAb VL 7F9 CDR-L3 SEQ ID NO:
9 : amino acid sequence of mAb VH 11E6 SEQ ID NO: 10:
amino acid sequence of mAb VH 11E6 CDR-Hl SEQ ID NO:
11: amino acid sequence of mAb VH 11E6 CDR-H2 SEQ ID
NO: 12: amino acid sequence of mAb VH 11E6 CDR-H3 SEQ
ID NO: 13: amino acid sequence of mAb VL 11E6 SEQ ID
NO: 14: amino acid sequence of mAb VL 11E6 CDR-Ll SEQ
ID NO: 15: amino acid sequence of mAb VL 11E6 CDR-L2
SEQ ID NO: 16: amino acid sequence of mAb VL 11E6
CDR-L3 SEQ ID NO: 17: amino acid sequence of mAb VH
4E5SEQ ID NO: 18: amino acid sequence of mAb VH 4E5
CDR-Hl SEQ ID NO: 19: amino acid sequence of mAb VH
4E5 CDR-H2 SEQ ID NO: 20: amino acid sequence of mAb
VH 4E5 CDR-H3 SEQ ID NO: 2 1: amino acid sequence of
mAb VL 4E5 SEQ ID NO: 22: amino acid sequence of mAb
VL 4E5 CDR-Ll SEQ ID NO: 23: amino acid sequence of
mAb VL 4E5 CDR-L2 SEQ ID NO: 24: amino acid sequence
of mAb VL 4E5 CDR-L3 SEQ ID NO: 25: amino acid
sequence of human Ig gamma1 heavy chain constant
region SEQ ID NO: 26: amino acid sequence of human Ig
kappa light chain constant region SEQ ID NO: 27: Full
plasmid nucleotide sequence of Construct # 1 (bold)
encoding OmpA-[RAGE (23-340)]-6His SEQ ID NO: 28: Full
plasmid nucleotide sequence of Construct # 2 (bold)
encoding 6His-(Thr)-[RAGE (24-129)] SEQ ID NO: 29:
Full plasmid nucleotide sequence of Construct # 3
(bold) encoding 6His-(Thr)-[RAGE (24-234)] SEQ ID NO:
30: Full plasmid nucleotide sequence of Construct # 4
(bold) encoding 6His-(Thr)-[RAGE (24-336)] SEQ ID NO:
31: Full plasmid nucleotide sequence of Construct # 5
(bold) encoding 6His-(Thr)-[RAGE (130-234)] SEQ ID NO:
32: Full plasmid nucleotide sequence of Construct # 6
(bold) encoding 6His-(Thr)-[RAGE (130-336)] SEQ ID NO:
33: Full plasmid nucleotide sequence of Construct # 7
(bold) encoding 6His-(Thr)-[RAGE (235-336)] SEQ ID NO:
34: encoded amino acid sequence RAGE protein # 1 SEQ
ID NO: 35: encoded amino acid sequence RAGE protein #
2 SEQ ID NO: 36: encoded amino acid sequence RAGE
protein # 3 SEQ ID NO: 37: encoded amino acid sequence
RAGE protein # 4 SEQ ID NO: 38: encoded amino acid
sequence RAGE protein # 5 SEQ ID NO: 39: encoded amino
acid sequence RAGE protein # 6 SEQ ID NO: 40: encoded
amino acid sequence RAGE protein # 7 SEQ ID NO:41 : Ig
gamma-1 constant region mutant amino acid sequence SEQ
ID NO:42: Ig gamma-2 constant region amino acid
sequence SEQ ID NO:43: framework amino acid sequence
VH7-4.1/JH6 FRlSEQ ID NO:44: framework amino acid
sequence VH7-4.1/JH6 FR2 and VH1-2/JH6 FR2 SEQ ID
NO:45: framework amino acid sequence VH7-4.1/JH6 FR3
SEQ ID NO:46: framework amino acid sequence
VH7-4.1/JH6 FR4 and VH1-2/JH6 FR4 SEQ ID NO:47:
framework amino acid sequence VH1-2/JH6 FRl SEQ ID
NO:48: framework amino acid sequence VH1-2/JH6 FR3 SEQ
ID NO:49: framework amino acid sequence 1-12/L5/JK2
FRl 



SEQ ID NO:50: framework amino acid sequence
1-12/L5/JK2 FR2 SEQ ID NO:5 1: framework amino acid
sequence 1-12/L5/JK2 FR3 SEQ ID NO:52: framework amino
acid sequence 1-12/L5/JK2 FR4 and 3-15/L2/JK2 FR4 SEQ
ID NO:53: framework amino acid sequence 3-15/L2/JK2
FRl SEQ ID NO:54: framework amino acid sequence
3-15/L2/JK2 FR2 SEQ ID NO:55: framework amino acid
sequence 3-15/L2/JK2 FR3 SEQ ID NO:56: CDR-grafted
amino acid sequence VH 11E6.1-GL SEQ ID NO:57:
CDR-grafted amino acid sequence VH 11E6.2-GL SEQ ID
NO:58: CDR-grafted amino acid sequence VL 11E6.1-GL
SEQ ID NO:59: CDR-grafted amino acid sequence VL
11E6.2-GL SEQ ID NO: 60: amino acid sequence of hRAGE
SEQ ID NO: 61: amino acid sequence of a husRAGE
fragment SEQ ID NO: 62: humanized antibody sequence VH
hi 1E6.1 SEQ ID NO: 63: humanized antibody sequence VL
hi 1E6.1 SEQ ID NO: 64: humanized antibody sequence VL
hi 1E6.2 SEQ ID NO: 65: humanized antibody sequence VL
hi 1E6.3 SEQ ID NO: 66: humanized antibody sequence VL
hi 1E6.4 SEQ ID NO: 67: humanized antibody sequence VH
hi 1E6.5 SEQ ID NO: 68: humanized antibody sequence VH
hi 1E6.9 SEQ ID NO: 69: humanized antibody sequence VH
hi 1E6.16 SEQ ID NO:70: amino acid sequence of
RAGE-derived peptide NtermR3 1 SEQ ID NO:71: amino
acid sequence of RAGE-derived peptide 1 SEQ ID NO:72:
amino acid sequence of RAGE-derived peptide 2 SEQ ID
NO:73: amino acid sequence of RAGE-derived peptide 3
SEQ ID NO:74: amino acid sequence of RAGE-derived
peptide 4SEQ ID NO:75: amino acid sequence of
RAGE-derived peptide 5 SEQ ID NO:76: amino acid
sequence of RAGE-derived peptide 6 SEQ ID NO:77: amino
acid sequence of RAGE-derived peptide 7 SEQ ID NO:78:
amino acid sequence of RAGE-derived peptide 8 SEQ ID
NO:79: amino acid sequence of RAGE-derived peptide 9
SEQ ID NO:80: amino acid sequence of RAGE-derived
peptide 10 SEQ ID NO:81: nucleotide sequence of
oligonucleotide primers SEQ ID NO:82: nucleotide
sequence of oligonucleotide primers SEQ ID NO:83:
nucleotide sequence of oligonucleotide primers SEQ ID
NO:84: nucleotide sequence of oligonucleotide primers
SEQ ID NO:85: nucleotide sequence of oligonucleotide
primers SEQ ID NO:86: nucleotide sequence of
oligonucleotide primers SEQ ID NO:87: nucleotide
sequence of oligonucleotide primers SEQ ID NO:88:
nucleotide sequence of oligonucleotide primers SEQ ID
NO:89: nucleotide sequence of oligonucleotide primers
SEQ ID NO:90: nucleotide sequence of oligonucleotide
primers SEQ ID NO:91: nucleotide sequence of
oligonucleotide primers SEQ ID NO:92: nucleotide
sequence of oligonucleotide primers SEQ ID NO:93:
nucleotide sequence of oligonucleotide primers SEQ ID
NO:94: nucleotide sequence of oligonucleotide primers
DETAILED DESCRIPTION 1. General definitions Unless
otherwise defined herein, scientific and technical
terms used in connection with the present invention
shall have the meanings that are commonly understood
by those of ordinary skill in the art. The meaning and
scope of the terms should be clear, however, in the
event of any latent ambiguity, definitions provided
herein take precedent over any dictionary or extrinsic
definition. Further, unless otherwise required by
context, singular terms shall include pluralities and
plural terms shall include the singular. In this
application, the use of "or" means "and/or" unless
stated otherwise. Furthermore, the use of the term
"including", as well as other forms, such as
"includes" and "included", is not limiting. Also,
terms such as "element" or "component" encompass both
elements and components comprising oneunit and
elements and components that comprise more than one
subunit unless specifically stated otherwise.
Generally, nomenclatures used in connection with, and
techniques of, cell and tissue culture, molecular
biology, immunology, microbiology, genetics and
protein and nucleic acid chemistry and hybridization
described herein are those well known and commonly
used in the art. The methods and techniques of the
present invention are generally performed according to
conventional methods well known in the art and as
described in various general and more specific
references that are cited and discussed throughout the
present specification unless otherwise indicated.
Enzymatic 



reactions and purification techniques are performed
according to manufacturer's specifications, as
commonly accomplished in the art or as described
herein. The nomenclatures used in connection with, and
the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the
art. Standard techniques are used for chemical
syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment
of patients. That the present invention may be more
readily understood, selected terms are defined below.
The term "polypeptide" as used herein, refers to any
polymeric chain of amino acids. The terms "peptide"
and "protein" are used interchangeably with the term
polypeptide and also refer to a polymeric chain of
amino acids. The term "polypeptide" encompasses native
or artificial proteins, protein fragments and
polypeptide analogs of a protein sequence. A
polypeptide may be monomeric or polymeric. The term
"isolated protein" or "isolated polypeptide" is a
protein or polypeptide that by virtue of its origin or
source of derivation is not associated with naturally
associated components that accompany it in its native
state; is substantially free of other proteins from
the same species; is expressed by a cell from a
different species; or does not occur in nature. Thus,
a polypeptide that is chemically synthesized or
synthesized in a cellular system different from the
cell from which it naturally originates will be
"isolated" from its naturally associated components. A
protein may also be rendered substantially free of
naturally associated components by isolation, using
protein purification techniques well known in the
art.The term "recovering" as used herein, refers to
the process of rendering a chemical species such as a
polypeptide substantially free of naturally associated
components by isolation, e.g., using protein
purification techniques well known in the art. The
term "Receptor for Advanced Glycation Endproducts
(RAGE)" designates a multiligand receptor in the
immunoglobulin family, which binds soluble AB peptide,
SlOOb, and HMGBl (also known as amphoterin) among
others. RAGE mediates patho-physio logically relevant
cellular changes in response to binding to these
ligands. Transgenic animals overexpressing RAGE and
human APP display early abnormalities in spatial
learning and memory, indicating that RAGE is a
cofactor for Ab-induced neuronal perturbation in
Alzheimer-type pathologies, and suggesting that RAGE
is a potential therapeutic target to ameliorate
cellular dysfunction. The structure of RAGE has not
been solved. Homology to other proteins leads to a
model where RAGE has several domains. These domains
are named in analogy to immunoglobulins: (i) V-like
domain at the N-terminus: this equivalent domain in
immunoglobulins binds antigen and represents the only
binding region within these proteins. In RAGE, this
domain binds to some ligands like SlOO (Ostendorp et
al. EMBOJ. 26,3875,2007; Leclerc et al. JBC
282,31317,2007). A monoclonal antibody binding to the
v-like domain in RAGE competes with binding of
different ligands SlOOb, HMGBl, and amyloid b
(WO2007109749(A2)) implying that these ligands would
also bind to RAGE via this same domain (ii) First
C2-like domain: Two domains within RAGE have homology
to the C2 domains of immunoglobulins; one of these
domains has been called Cl (nomenclature also used by
Ostendorp et al. BBRC 2006). Several ligands binding
to this domain have been described, for instance, Sl
0OA12 (also called ENRAGE or Calgranulin C), which
binds with an affinity of Kd = 90 nM (Hofmann et al.
Cell 97, 889, 1999; Xie et al. JBC, 282, 4218, 2007).
Ab competes with S100Al 2 for this domain, suggesting
that Ab also binds to the Cldomain. (iii) Second
C2-like domain: this domain is called C2 (also used by
Ostendorp et al. BBRC 2006). RAGE ligand S100A6 binds
to the C2 domain and an antibody generated against a
peptide from the C2 domain was shown to compete againt
S100A6 for this binding; the antibody lead to reduced
signal transduction in SH-SY5Y (Leclerc et al. JBC
282,31317,2007).A "RAGE domain" may be defined in line
with different definitions provided in the state of
the art: According to Xie et al. 2007, J . Biol.
Chem., Vol. 282:4218-4231 the following definition of
h RAGE domains applies: - the V domain (amino acids
24- 129 of SEQ ID NO: 60 ), - the Cl domain (amino
acids 130-234 of SEQ ID NO:60), - the C2 domain (amino
acids 235-336 of SEQ ID NO:60), According to a more
recent definition by Hudson et al, The FASEB Journal.
2008;22: 1572-1580, h RAGE (404 amino acid residues
according to SEQ ID NO:60) has an extracellular region
(amino acids 1-342 of SEQ ID NO:60) composed of 



a signal peptide (amino acids 1-22 of SEQ ID NO:60),
followed by three immunoglobulin-like domains,
including an Ig-like V-type domain (amino acids 23-1
16 of SEQ ID NO:60) and - two Ig-like C2-type 1/2
domains (amino acids 124-221 of SEQ ID NO:60; also
designated Cl domain; and amino acids 227-317 of SEQ
ID NO:60; also designated C2 domain); a single
transmembrane domain (amino acids 343-363 of SEQ ID
NO:60), and - a short cytoplasmic tail (amino acids
364-404 of SEQ ID NO:60). In view of the high degree
of identity, in particular with respect to the
definition of domains V, Cl and C2, and unless
otherwise stated, each of the definitions may be
applied in order to define the binding characteristics
of the binding proteins of the present invention. As
indicated above, RAGE is capable of binding different
ligands via different domains. Results from
competition experiments with other ligands seem to
indicate that Ab binds to the Cl -domain (Hofmann et
al. Cell 97, 889, 1999 or Xie et al. JBC, 282, 4218,
2007). As non- limiting examples of RAGE ligands there
may be mentioned: Advanced glycation end products
(AGEs), (Baynes J .W., 1991, Diabetes. 1991,
40:405-412; Ahmed K.A., 2007, J Clin BiochemNutr. 4 1
(2):97-105); Members of the SlOO/calgranulin family
(e.g., calgranulin C (also known as ENRAGE and
S100A12), SlOOAl, S100A4, SlOOAI l , S100A13, SlOOB,
and SlOOP); - Amyloid- b-peptide (AB), as for example
AB 1-40 peptide- Amyloid-b globulomers; as for example
AB1-42, AB12-42, AB20-42 globulomers (see Barghorn et
al, Globular amyloid Bpeptide 1-42 oligomer - a
homogenous and stable neuropathological protein in
Alzheimer's disease) Journal of Neurochemistry.
95(3):834-847, November 2005; WO2007/062852; WO2008/1
50949; all incorporated by reference); - eukocyte
integrins (e.g., Mac-1) The term "RAGE" as used
herein, particularly refers to human RAGE, also
designated "hRAGE" or "huRAGE". Unless otherwise
stated the term "RAGE" also encompasses RAGE molecules
isolated or obtained from other, different from human,
species, as for example, rodents, like mice or rats;
or bovine RAGE molecules. The term "sRAGE" refers to a
soluble form of RAGE, derived from the extra cellular
domain of RAGE. For example, a sRAGE molecule derived
from human RAGE, also designated as husRAGE comprises
amino acid residues 1 to 331 (see SEQ ID NO: 61) of
human RAGE (see SEQ ID NO: 60). "Biological activity "
as used herein, refers to all inherent biological
properties of RAGE as defined herein. The terms
"specific binding" or "specifically binding", as used
herein, in reference to the interaction of an
antibody, a protein, or a peptide with a second
chemical species, mean that the interaction is
dependent upon the presence of a particular structure
(e.g., an "antigenic determinant" or "epitope" as
defined below) on the chemical species; for example,
an antibody recognizes and binds to a specific protein
structure rather than to proteins generally. If an
antibody is specific for epitope "A", the presence of
a molecule containing epitope A (or free, unlabeled
A), in a reaction containing labeled "A" and the
antibody, will reduce the amount of labeled A bound to
the antibody. The term "antibody", as used herein,
broadly refers to any immunoglobulin (Ig) molecule
comprised of four polypeptide chains, two heavy (H)
chains and two light (L) chains, or any functional
fragment, mutant, variant, or derivation thereof,
which retains the essential epitope binding features
of an Ig molecule. Such mutant, variant, or derivative
antibody formats are known in the art. Nonlimiting
embodiments of which are discussed below. An antibody
is said to be "capable of binding" a molecule if it is
capable of specifically reacting with the molecule to
thereby bind the molecule to the antibody.A
"monoclonal antibody" as used herein is intended to
refer to a preparation of antibody molecules, which
share a common heavy chain and common light chain
amino acid sequence, in contrast with "polyclonal"
antibody preparations that contain a mixture of
different antibodies. Monoclonal antibodies can be
generated by several novel technologies like phage,
bacteria, yeast or ribosomal display, as well as
classical methods exemplified by hybridoma-derived
antibodies (e.g., an antibody secreted by a hybridoma
prepared by hybridoma technology, such as the standard
Kohler and Milstein hybridoma methodology ((1975)
Nature 256:495-497). In a full-length antibody, each
heavy chain is comprised of a heavy chain variable
region (abbreviated herein as HCVR or VH) and a heavy
chain constant 



region. The heavy chain constant region is comprised
of three domains, CHl, CH2 and CH3. Each light chain
is comprised of a light chain variable region
(abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is
comprised of one domain, CL. The VH and VL regions can
be further subdivided into regions of
hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and
VL is composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the
following order: FRl, CDRl, FR2, CDR2, FR3, CDR3, FR4.
Immunoglobulin molecules can be of any type (e.g.,
IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG 1,
IgG2, IgG 3, IgG 4, IgAl and IgA2) or subclass. The
term "antigen-binding portion" or "antigen-binding
fragmenf'of an antibody (or simply "antibody portion"
or "antibody fragment"), as used herein, refers to one
or more fragments of an antibody that retain the
ability to specifically bind to an antigen (e.g. ,
RAGE). It has been shown that the antigen-binding
function of an antibody can be performed by fragments
of a full-length antibody. Such antibody embodiments
may also be bispecific, dual specific, or
multi-specific formats; specifically binding to two or
more different antigens. Examples of binding fragments
encompassed within the term "antigen-binding portion"
of an antibody include (i) a Fab fragment, a
monovalent fragment consisting of the VL, VH, CL and
CHl domains; (ii) a F(ab')2 fragment, a bivalent
fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; (iii) a Fd
fragment consisting of the VH and CHl domains; (iv) a
Fv fragment consisting of the VL andVH domains of a
single arm of an antibody, (v) a dAb fragment (Ward et
al., (1989) Nature 341:544-546, Winter et al, PCT
publication WO 90/05144 Al herein incorporated by
reference), which comprises a single variable domain;
and (vi) an isolated complementarity determining
region (CDR). Furthermore, although the two domains of
the Fv fragment, VL and VH, are coded for by separate
genes, they can be joined, using recombinant methods,
by a synthetic linker that enables them to be made as
a single protein chain in which the VL and VH regions
pair to form monovalent molecules (known as single
chain Fv (scFv); see e.g., Bird et al. (1988) Science
242:423-426; and Huston et al. (1988) Proc. Natl.
Acad. Sci. USA 85:5879-5883). Such single chain
antibodies are also intended to be encompassed within
the term "antigen-binding portion" of an antibody.
Other forms of single chain antibodies, such as
diabodies are also encompassed. Diabodies are
bivalent, bispecific antibodies in which VH and VL
domains are expressed on a single polypeptide chain,
but using a linker that is too short to allow for
pairing between the two domains on the same chain,
thereby forcing the domains to pair with complementary
domains of another chain and creating two antigen
binding sites (see e.g., Holliger, P., et al. (1993)
Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak, R.J.,
et al. (1994) Structure 2:1 121- 1123). Such antibody
binding portions are known in the art (Kontermann and
Dubel eds., Antibody Engineering (2001)
Springer-Verlag. New York. 790 pp. (ISBN 3-540-
41354-5). The term "antibody construct" as used herein
refers to a polypeptide comprising one or more the
antigen binding portions of the invention linked to a
linker polypeptide or an immunoglobulin constant
domain. Linker polypeptides comprise two or more amino
acid residues joined by peptide bonds and are used to
link one or more antigen binding portions. Such linker
polypeptides are well known in the art (see e.g.,
Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA
90:6444- 6448; Poljak, R.J., et al. (1994) Structure
2:1 121-1123). An immunoglobulin constant domain
refers to a heavy or light chain constant domain.
Human IgG heavy chain and light chain constant domain
amino acid sequences are known in the art and
represented in Table 1.Table 1: Sequence of human IgG
heavy chain constant domain and light chain constant
domain Still further, an antibody or antigen-binding
portion thereof may be part of a larger immunoadhesion
molecules, formed by covalent or noncovalent
association of the antibody or antibody portion with
one or more other proteins or peptides. Examples of
such immunoadhesion molecules include use of the
streptavidin core region to make a tetrameric scFv
molecule (Kipriyanov, S.M., et al. (1995) Human
Antibodies and Hybridomas 6:93-101) and use of a
cysteine residue, a marker peptideand a C-terminal
polyhistidine tag to make bivalent and biotinylated
scFv molecules (Kipriyanov, S.M., et al. (1994) MoI.
Immunol. 31:1047-1058). Antibody portions, such as Fab
and F(ab')2 fragments, can be prepared from whole
antibodies using conventional techniques, such as
papain or pepsin digestion, respectively, of whole
antibodies. Moreover, antibodies, antibody portions
and immunoadhesion molecules can be obtained using
standard recombinant DNA techniques, as described
herein. An "isolated antibody", as used herein, is
intended to refer to an antibody that 



is substantially free of other antibodies having
different antigenic specificities {e.g., an isolated
antibody that specifically binds human RAGE is
substantially free of antibodies that specifically
bind antigens other than human RAGE). An isolated
antibody that specifically binds human RAGE may,
however, have cross-reactivity to other antigens, such
as RAGE molecules from other species. Moreover, an
isolated antibody may be substantially free of other
cellular material and/or chemicals. The term "human
antibody", as used herein, is intended to include
antibodies having variable and constant regions
derived from human germline immunoglobulin sequences.
The human antibodies of the invention may include
amino acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced
by random or site-specific mutagenesis in vitro or by
somatic mutation in vivo), for example in the CDRs and
in particular CDR3. However, the term "human
antibody", as used herein, is not intended to include
antibodies in which CDR sequences derived from the
germline of another mammalian species, such as a
mouse, have been grafted onto human framework
sequences. The term "recombinant human antibody", as
used herein, is intended to include all human
antibodies that are prepared, expressed, created or
isolated by recombinant means, such as antibodies
expressed using a recombinant expression vector
transfected into a host cell (described further
below), antibodies isolated from a recombinant,
combinatorial human antibody library (Hoogenboom H.R.,
(1997) TIB Tech. 15:62-70; Azzazy H., and Highsmith
W.E., (2002) Clin. Biochem. 35:425-445; Gavilondo
J.V., and Larrick J .W. (2002) BioTechniques
29:128-145; Hoogenboom H., and Chames P. (2000)
Immunology Today 21:371-378 ), antibodies isolated
from an animal (e.g., a mouse) that is transgenic for
human immunoglobulin genes (see e.g., Taylor, L. D.,
et al. (1992) Nucl. Acids Res. 20:6287-6295;
Kellermann S-A., and Green LX. (2002) Current Opinion
in Biotechnology 13:593-597; Little M. et al(2000)
Immunology Today 21:364-370) or antibodies prepared,
expressed, created or isolated by any other means that
involves splicing of human immunoglobulin gene
sequences to other DNA sequences. Such recombinant
human antibodies have variable and constant regions
derived from human germline immunoglobulin sequences.
In certain embodiments, however, such recombinant
human antibodies are subjected to in vitro mutagenesis
(or, when an animal transgenic for human Ig sequences
is used, in vivo somatic mutagenesis) and thus the
amino acid sequences of the VH and VL regions of the
recombinant antibodies are sequences that, while
derived from and related to human germline VH and VL
sequences, may not naturally exist within the human
antibody germline repertoire in vivo. The term
"chimeric antibody" refers to antibodies which
comprise heavy and light chain variable region
sequences from one species and constant region
sequences from another species, such as antibodies
having murine heavy and light chain variable regions
linked to human constant regions. The chimeric
antibody can be produced through recombinant molecular
biological techniques, or may be physically conjugated
together. The term "CDR-grafted antibody" refers to
antibodies which comprise heavy and light chain
variable region sequences from one species but in
which the sequences of one or more of the CDR regions
of VH and/or VL are replaced with CDR sequences of
another species, such as antibodies having murine
heavy and light chain variable regions in which one or
more of the murine CDRs {e.g., CDR3) has been replaced
with human CDR sequences. The terms "Kabat numbering",
"Kabat definitions and "Kabat labeling" are used
interchangeably herein. These terms, which are
recognized in the art, refer to a system of numbering
amino acid residues which are more variable {i.e.
hypervariable) than other amino acid residues in the
heavy and light chain variable regions of an antibody,
or an antigen binding portion thereof (Kabat et al.
(1971) Ann. NYAcad, Sci. 190:382-391 and , Kabat,
E.A., et al. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department
of Health and Human Services, NIH Publication No.
91-3242). For the heavy chain variable region, the
hypervariable region ranges from amino acid positions
3 1 to 35 for CDRl, amino acid positions 50 to 65 for
CDR2, and amino acid positions 95 to 102 for CDR3. For
the light chain variable region, the hypervariable
region ranges from amino acid positions24 to 34 for
CDRl, amino acid positions 50 to 56 for CDR2, and
amino acid positions 89 to 97 for CDR3. As used
herein, the terms "acceptor" and "acceptor antibody"
refer to the antibody or nucleic acid sequence
providing or encoding at least 50, 55, 60, 65, 70, 75
or 80%, at least 85%, at least 90%, at least 95%, at
least 98% or 100% of the amino acid sequences of one
or more of the framework regions. In some embodiments,
the term "acceptor" refers to the antibody amino acid
or nucleic acid sequence providing or encoding the
constant region(s). In yet another embodiment, the
term "acceptor" 



refers to the antibody amino acid or nucleic acid
sequence providing or encoding one or more of the
framework regions and the constant region(s). In a
specific embodiment, the term "acceptor" refers to a
human antibody amino acid or nucleic acid sequence
that provides or encodes at least 50, 55, 60, 65, 70,
75 or 80%, particularly, at least 85%, at least 90%,
at least 95%, at least 98%, or 100% of the amino acid
sequences of one or more of the framework regions. In
accordance with this embodiment, an acceptor may
contain at least 1, at least 2, at least 3, least 4,
at least 5, or at least 10 amino acid residues that
does (do) not occur at one or more specific positions
of a human antibody. An acceptor framework region
and/or acceptor constant region(s) may be, e.g.,
derived or obtained from a germline antibody gene, a
mature antibody gene, a functional antibody (e.g.,
antibodies wellknown in the art, antibodies in
development, or antibodies commercially available). As
used herein, the term "CDR" refers to the
complementarity determining region within antibody
variable sequences. There are three CDRs in each of
the variable regions of the heavy chain and the light
chain, which are designated CDRl, CDR2 and CDR3, for
each of the variable regions. The term "CDR set" as
used herein refers to a group of three CDRs that occur
in a single variable region capable of binding the
antigen. The exact boundaries of these CDRs have been
defined differently according to different systems.
The system described by Kabat (Kabat et al, Sequences
of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md. (1987) and (1991))
not only provides an unambiguous residue numbering
system applicable to any variable region of an
antibody, but also provides precise residue boundaries
defining the three CDRs. These CDRs may be referred to
as Kabat CDRs. Chothia and coworkers (Chothia &Lesk, J
. MoI. Biol. 196:901-917 (1987) and Chothia et al.,
Nature 342:877-883 (1989)) found that certain sub-
portions within Kabat CDRs adopt nearly identical
peptide backbone conformations, despitehaving great
diversity at the level of amino acid sequence. These
sub-portions were designated as Ll, L2 and L3 or Hl,
H2 and H3 where the "L" and the "H" designates the
light chain and the heavy chains regions,
respectively. These regions may be referred to as
Chothia CDRs, which have boundaries that overlap with
Kabat CDRs. Other boundaries defining CDRs overlapping
with the Kabat CDRs have been described by Padlan
(FASEB J . 9:133-139 (1995)) and MacCallum (J MoI Biol
262(5):732-45 (1996)). Still other CDR boundary
definitions may not strictly follow one of the above
systems, but will nonetheless overlap with the Kabat
CDRs, although they may be shortened or lengthened in
light of prediction or experimental findings that
particular residues or groups of residues or even
entire CDRs do not significantly impact antigen
binding. The methods used herein may utilize CDRs
defined according to any of these systems, although
particular embodiments use Kabat or Chothia defined
CDRs. As used herein, the term "canonical" residue
refers to a residue in a CDR or framework that defines
a particular canonical CDR structure as defined by
Chothia et al. (J. MoI. Biol. 196:901-907 (1987);
Chothia et al, J . MoI. Biol. 227:799 (1992), both are
incorporated herein by reference). According to
Chothia et al., critical portions of the CDRs of many
antibodies have nearly identical peptide backbone
confirmations despite great diversity at the level of
amino acid sequence. Each canonical structure
specifies primarily a set of peptide backbone torsion
angles for a contiguous segment of amino acid residues
forming a loop. As used herein, the terms "donor" and
"donor antibody" refer to an antibody providing one or
more CDRs. In a particular embodiment, the donor
antibody is an antibody from a species different from
the antibody from which the framework regions are
obtained or derived. In the context of a humanized
antibody, the term "donor antibody" refers to a
non-human antibody providing one or more CDRs. As used
herein, the term "framework" or "framework sequence"
refers to the remaining sequences of a variable region
minus the CDRs. Because the exact definition of a CDR
sequence can be determined by different systems, the
meaning of a framework sequence is subject to
correspondingly different interpretations. The six
CDRs (CDR-Ll, -L2, and -L3 of light chain and CDR-Hl,
-H2, and -H3 of heavy chain) also divide the framework
regions on the light chain and the heavy chain into
four sub-regions (FRl, FR2, FR3 and FR4) on each
chain, in which CDRl is positioned between FRl and
FR2, CDR2 between FR2 and FR3, and CDR3 betweenFR3 and
FR4. Without specifying the particular sub-regions as
FRl, FR2, FR3 or FR4, a framework region, as referred
by others, represents the combined FR's within the
variable region of a single, naturally occurring
immunoglobulin chain. As used herein, a FR represents
one of the four sub- regions, and FRs represents two
or more of the four sub- regions constituting a
framework region. Human heavy chain and light chain
acceptor sequences are known in the art. In one
embodiment of the invention the human heavy chain and
light chain acceptor 



sequences are selected from the sequences described in
Table 2 and Table 3. Different combinations for human
framework sequences FRl to FR4 are stated in said
tables. Table 2 : Human heavy chain acceptor sequences
As used herein, the term "germline antibody gene" or
"gene fragment" refers to an immunoglobulin sequence
encoded by non-lymphoid cells that have notundergone
the maturation process that leads to genetic
rearrangement and mutation for expression of a
particular immunoglobulin. (See, e.g., Shapiro et al,
Crit. Rev. Immunol. 22(3): 183-200 (2002); Marchalonis
et al., Adv Exp Med Biol. 484:13-30 (2001)). One of
the advantages provided by various embodiments of the
present invention stems from the recognition that
germline antibody genes are more likely than mature
antibody genes to conserve essential amino acid
sequence structures characteristic of individuals in
the species, hence less likely to be recognized as
from a foreign source when used therapeutically in
that species. As used herein, the term "key" residues
refer to certain residues within the variable region
that have more impact on the binding specificity
and/or affinity of an antibody, in particular a
humanized antibody. A key residue includes, but is not
limited to, one or more of the following: a residue
that is adjacent to a CDR, a potential glycosylation
site (can be either N- or O-glycosylation site), a
rare residue, a residue capable of interacting with
the antigen, a residue capable of interacting with a
CDR, a canonical residue, a contact residue between
heavy chain variable region and light chain variable
region, a residue within the Vernier zone, and a
residue in the region that overlaps between the
Chothia definition of a variable heavy chain CDRl and
the Kabat definition of the first heavy chain
framework. The term "humanized antibody" generally
refers to antibodies which comprise heavy and light
chain variable region sequences from a non-human
species (e.g., a mouse) but in which at least a
portion of the VH and/or VL sequence has been altered
to be more "human-like", i.e., more similar to human
germline variable sequences. One type of humanized
antibody is a CDR-grafted antibody, in which human CDR
sequences are introduced into non-human VH and VL
sequences to replace the corresponding nonhuman CDR
sequences. In particular, the term "humanized
antibody" as used herein, is an antibody or a variant,
derivative, analog or fragment thereof which
immunospecifically binds to an antigen of interest and
which comprises a framework (FR) region having
substantially the amino acid sequence of a human
antibody and a complementary determining region (CDR)
having substantially the amino acid sequence of a
nonhuman antibody. As used herein, the term
"substantially" in the context of a CDR refers to a
CDR having an amino acid sequence at least 50, 55, 60,
65, 70, 75 or 80%, particularly at least 85%, at least
90%, at least 95%, at least 98% or at least 99%
identical to the amino acid sequence of a non-human
antibody CDR. A humanizedantibody comprises
substantially all of at least one, and typically two,
variable domains (Fab, Fab', F(ab') 2, FabC, Fv) in
which all or substantially all of the CDR regions
correspond to those of a non-human immunoglobulin
(i.e., donor antibody) and all or substantially all of
the framework regions are those of a human
immunoglobulin consensus sequence. Particularly, a
humanized antibody also comprises at least a portion
of an immunoglobulin constant region (Fc), typically
that of a human immunoglobulin. In some embodiments, a
humanized antibody contains both the light chain as
well as at least the variable domain of a heavy chain.
The antibody also may include the CHl, hinge, CH2,
CH3, and CH4 regions of the heavy chain. In some
embodiments, a humanized antibody only contains a
humanized light chain. In some embodiments, a
humanized antibody only contains a humanized heavy
chain. In specific embodiments, a humanized antibody
only contains a humanized variable domain of a light
chain and/or humanized heavy chain. The humanized
antibody can be selected from any class of
immunoglobulins, including IgY, IgM, IgG, IgD, IgA and
IgE, and any isotype, including without limitation
IgAl, IgA2, IgGl, IgG2, IgG3 and IgG4. The humanized
antibody may comprise sequences from more than one
class or isotype, and particular constant domains may
be selected to optimize desired effector functions
using techniques wellknown in the art. The framework
and CDR regions of a humanized antibody need not
correspond precisely to the parental sequences, e.g.,
the donor antibody CDR or the consensus framework may
be mutagenized by substitution, insertion and/or
deletion of at least one amino acid residue so that
the CDR or framework residue at that site does not
correspond to either the donor antibody or the
consensus framework. In a particular embodiment, such
mutations, however, will not be extensive. Usually, at
least 50, 55, 60, 65, 70, 75 or 80%, particularly at
least 85%, more particularly at least 90%, and in
particular at least 95% of the humanized antibody
residues will correspond to those of the parental FR
and CDR sequences. As used herein, the term 



"consensus framework" refers to the framework region
in the consensus immunoglobulin sequence. As used
herein, the term "consensus immunoglobulin sequence"
refers to the sequence formed from the most frequently
occurring amino acids (or nucleotides) in a family of
related immunoglobulin sequences (See e.g., Winnaker,
From Genes to Clones (Verlagsgesellschaft, Weinheim,
Germany 1987). In a family of immunoglobulins, each
position in the consensus sequence is occupied bythe
amino acid occurring most frequently at that position
in the family. If two amino acids occur equally
frequently, either can be included in the consensus
sequence. As used herein, "Vernier" zone refers to a
subset of framework residues that may adjust CDR
structure and fine-tune the fit to antigen as
described by Foote and Winter (1992, J . MoI. Biol.
224:487-499, which is incorporated herein by
reference). Vernier zone residues form a layer
underlying the CDRs and may impact on the structure of
CDRs and the affinity of the antibody. The term
"inhibition of binding" of RAGE to one of his ligands
as used herein encompasses partial (as for example by
about 1 to10% or more, in particular about 20%, 30%,
40%, 50%, 60%, 70%, 80%, 85%, 90%, or 95% or more) or
complete reduction of said ligand binding activity.
Said "inhibition of binding" may be determined by any
suitable method available in the art, preferably by
any method as exemplified herein, as for example HTRF
assays described herein. As used herein, the term
"neutralizing" refers to neutralization of biological
activity of a target protein when a binding protein
specifically binds the target protein. Neutralizing
may be the result of different ways of binding of said
binding protein to the target. For example,
neutralizing may be caused by binding of the binding
protein in a region of the target, which does not
affect receptor binding to the target molecule.
Alternatively binding of a binding protein may result
in a blockade of the receptor binding to the target,
which blockade finally neutralizes the target protein
activity. Each of said different mechanism may occur
according to the invention. Particularly a
neutralizing binding protein is a neutralizing
antibody whose binding to RAGE results in
neutralization of a biological activity of RAGE
Particularly the neutralizing binding protein binds
RAGE and reduces a biologically activity of RAGE by at
least about 1 to10%, at least about 20%, 30%, 40%,
50%, 60%, 70%, 80%, 85% or more. Neutralization of a
biological activity of RAGE by a neutralizing binding
protein can be assessed by measuring one or more
indicators of RAGE biological activity well known in
the art, and/or exemplified in the experimental part,
as in particular, in Examples 5, 6, 10, and 16 to 19.
For example neutralization of RAGE neutralizes the
binding of RAGE to Ab-globulomers as measured in
Examples 5 and 6 below. An "inhibition of soluble
AB1-40 peptide-induced reduction of cerebral blood
volume" determined in vivo in an animal model relates
to a partial or complete inhibition, as for example by
at least about 1to 10%, at least about 15%, 20%,
30%,40%, 50%, 60%, 70%, 80%, 85% or more, if compared
to a non-treated control, or in particular, if
compared to a negative, monoclonal or polyclonal,
immunoglobulinisotype control. An "improvement of the
cerebral blood volume" as in vivo in an animal model
over-expressing human APP, relates to a statistically
significant improvement of CBV, if compared to a
non-treated control, or in particular, if compared to
a negative, monoclonal or polyclonal,
immunoglobulin-isotype control. A "reduction of
amyloid plaque number and /or amyloid plaque area" as
measured in vivo in an animal model over-expressing
human APP relates to a partial or complete reduction,
as for example by at least about 1 to 10%, at least
about 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85% or
more, if compared to a non-treated control, or in
particular, if compared to a negative, monoclonal or
polyclonal, immunoglobulin-isotype control. An
"inhibition of aggregated AB1-40 peptide-induced
dynamin cleavage of hippocampal neurons in vitro;
relates to a partial or complete inhibition, as for
example by at least about 1 tolO%, at least about 15%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 85% or more, if
compared to a non-treated control, or in particular,
if compared to a negative, monoclonal or polyclonal,
immunoglobulin-isotype control. A "reversal of AB1-42
globulomer- induced reduction of synaptic
transmission" in vitro, relates to a partial or
complete reversial, as for example by at least about 1
to 10%, at least about 15%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 85% or more, if compared to a non-treated
control, or in particular, if compared to a negative,
monoclonal or polyclonal, immunoglobulin-isotype
control. A "neutralizing monoclonal antibody" as used
herein is intended to refer to a preparation of
antibody molecules, which upon binding to the specific
antigen are able to compete and inhibit the binding of
the natural ligand for said antigen. In a particular
embodiment of the present application, the
neutralizing antibodies of the 



present invention are capable of competing with RAGE
for binding to at least one of its ligands, in
particular a ligand selected from AB-peptides,
AB-globulomers, SlOOb and Amphoterin, and to prevent
RAGE biological activity or function. The term
"activity" includes activities such as the binding
specificity/affinity of an antibody for an antigen,
for example, an anti-RAGE antibody that binds to an
RAGE antigen and/or the neutralizing potency of an
antibody, for example, an anti- RAGE antibody whose
binding to RAGE neutralizes the biological activity of
RAGE.The "biological function" or "activity" of RAGE
may be described as that of a signal transducing cell
surface receptor for AB or a receptor that mediates
transport of proteins into or through the cell. The
term "epitope" or "antigenic determinant" includes any
polypeptide determinant capable of specific binding to
an immunoglobulin or T-cell receptor. In certain
embodiments, epitope determinants include chemically
active surface groupings of molecules such as amino
acids, sugar side chains, phosphoryl, or sulfonyl,
and, in certain embodiments, may have specific three
dimensional structural characteristics, and/or
specific charge characteristics. An epitope is a
region of an antigen that is bound by an antibody. In
certain embodiments, an antibody is said to
specifically bind an antigen when it preferentially
recognizes its target antigen in a complex mixture of
proteins and/or macromolecules. The term "surface
plasmon resonance", as used herein, refers to an
optical phenomenon that allows for the analysis of
real-time biospecific interactions by detection of
alterations in protein concentrations within a
biosensor matrix, for example using the BIAcore system
(Pharmacia Biosensor AB, Uppsala, Sweden and
Piscataway, NJ). For further descriptions, see Jnsson,
U., et al. (1993) Ann. Biol. Clin. 51:19-26; Jnsson,
U., et al. (1991) Biotechniques 11:620-627; Johnsson,
B., et al. (1995) J. MoI. Recognit. 8:125-131; and
Johnnson, B., et al. (1991) Anal. Biochem.
198:268-277. The term "ko n ", as used herein, is
intended to refer to the on rate constant for
association of an antibody to the antigen to form the
antibody/antigen complex as is known in the art. The
term "kff", as used herein, is intended to refer to
the off rate constant for dissociation of an antibody
from the antibody/antigen complex as is known in the
art. The term "K ", as used herein, is intended to
refer to the dissociation constant of a particular
antibody-antigen interaction as is known in the art.
The term "labelled binding protein" as used herein,
refers to a protein with a label incorporated that
provides for the identification of the binding
protein. Particularly, the label is a detectable
marker, e.g., incorporation of a radiolabeled amino
acid or attachment to a polypeptide of biotinyl
moieties that can be detected by marked avidin (e.g.,
streptavidin containing a fluorescent marker or
enzymatic activity that can be detected by optical or
colorimetric methods). Examples of labelsfor
polypeptides include, but are not limited to, the
following: radioisotopes or radionuclides (e.g., 3H
14C, 35S, 90Y, 99Tc, 111 In, 125I, 131 I, 177Lu,
166Ho, or 153Sm); fluorescent labels (e.g., FITC,
rhodamine, lanthanide phosphors), enzymatic labels
(e.g., horseradish peroxidase, luciferase, alkaline
phosphatase); chemiluminescent markers; biotinyl
groups; predetermined polypeptide epitopes recognized
by a secondary reporter (e.g., leucine zipper pair
sequences, binding sites for secondary antibodies,
metal binding domains, epitope tags); and magnetic
agents, such as gadolinium chelates. The term
"antibody conjugate" refers to a binding protein, such
as an antibody, chemically linked to a second chemical
moiety, such as a therapeutic or cytotoxic agent. The
term "agent" is used herein to denote a chemical
compound, a mixture of chemical compounds, a
biological macromolecule, or an extract made from
biological materials. Particularly the therapeutic or
cytotoxic agents include, but are not limited to,
pertussis toxin, taxol, cytochalasin B, gramicidin D,
ethidium bromide, emetine, mitomycin, etoposide,
tenoposide, vincristine, vinblastine, colchicin,
doxorubicin, daunorubicin, dihydroxy anthracin dione,
mitoxantrone, mithramycin, actinomycin D,
1-dehydrotestosterone, glucocorticoids, procaine,
tetracaine, lidocaine, propranolol, and puromycin and
analogs or homologs thereof. The terms "crystal", and
"crystallized" as used herein, refer to an antibody,
or antigen binding portion thereof, that exists in the
form of a crystal. Crystals are one form of the solid
state of matter, which is distinct from other forms
such as the amorphous solid state or the liquid
crystalline state. Crystals are composed of regular,
repeating, three-dimensional arrays of atoms, ions,
molecules (e.g., proteins such as antibodies), or
molecular assemblies (e.g., antigen/antibody
complexes). These three-dimensional arrays are
arranged according to specific mathematical
relationships that are well-understood in the field.
The fundamental unit, or building block, that is
repeated in a crystal is called the asymmetric unit.
Repetition of the 



asymmetric unit in an arrangement that conforms to a
given, well-defined crystallographic symmetry provides
the "unit cell" of the crystal. Repetition of the unit
cell by regular translations in all three dimensions
provides the crystal. See Giege, R. and Ducruix, A.
Barrett, Crystallization of Nucleic Acids and
Proteins, a Practical Approach, 2nd ea., pp. 20 1-16,
Oxford University Press, New York, New York,
(1999)."The term "polynucleotide" as referred to
herein means a polymeric form of two or more
nucleotides, either ribonucleotides or
deoxynucleotides or a modified form of either type of
nucleotide. The term includes single and double
stranded forms of DNA but particularly is
double-stranded DNA. The term "isolated
polynucleotide" as used herein shall mean a
polynucleotide (e.g., of genomic, cDNA, or synthetic
origin, or some combination thereof) that, by virtue
of its origin , the "isolated polynucleotide": is not
associated with all or a portion of a polynucleotide
with which the "isolated polynucleotide" is found in
nature; is operably linked to a polynucleotide that it
is not linked to in nature; or does not occur in
nature as part of a larger sequence. The term
"vector", as used herein, is intended to refer to a
nucleic acid molecule capable of transporting another
nucleic acid to which it has been linked. One type of
vector is a "plasmid", which refers to a circular
double stranded DNA loop into which additional DNA
segments may be ligated. Another type of vector is a
viral vector, wherein additional DNA segments may be
ligated into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into
which they are introduced (e.g., bacterial vectors
having a bacterial origin of replication and episomal
mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) can be integrated into the genome
of a host cell upon introduction into the host cell,
and thereby are replicated along with the host genome.
Moreover, certain vectors are capable of directing the
expression of genes to which they are operative Iy
linked. Such vectors are referred to herein as
"recombinant expression vectors" (or simply,
"expression vectors"). In general, expression vectors
of utility in recombinant DNA techniques are often in
the form of plasmids. In the present specification,
"plasmid" and "vector" may be used interchangeably as
the plasmid is the most commonly used form of vector.
However, the invention is intended to include such
other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which
serve equivalent functions. The term "operably linked"
refers to a juxtaposition wherein the components
described are in a relationship permitting them to
function in their intended manner. A control sequence
"operably linked" to a coding sequence is ligated in
such a way that expression of the coding sequence is
achieved under conditions compatible with the control
sequences. "Operably linked" sequences include both
expression control sequences that are contiguous with
the gene of interest and expression controlsequences
that act in trans or at a distance to control the gene
of interest. The term "expression control sequence" as
used herein refers to polynucleotide sequences, which
are necessary to effect the expression and processing
of coding sequences to which they are ligated.
Expression control sequences include appropriate
transcription initiation, termination, promoter and
enhancer sequences; efficient RNA processing signals
such as splicing and polyadenylation signals;
sequences that stabilize cytoplasmic mRNA; sequences
that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein
stability; and when desired, sequences that enhance
protein secretion. The nature of such control
sequences differs depending upon the host organism; in
prokaryotes, such control sequences generally include
promoter, ribosomal binding site, and transcription
termination sequence; in eukaryotes, generally, such
control sequences include promoters and transcription
termination sequence. The term "control sequences" is
intended to include components whose presence is
essential for expression and processing, and can also
include additional components whose presence is
advantageous, for example, leader sequences and fusion
partner sequences. "Transformation", as defined
herein, refers to any process by which exogenous DNA
enters a host cell. Transformation may occur under
natural or artificial conditions using various methods
well known in the art. Transformation may rely on any
known method for the insertion of foreign nucleic acid
sequences into a prokaryotic or eukaryotic host cell.
The method is selected based on the host cell being
transformed and may include, but is not limited to,
viral infection, electroporation, lipofection, and
particle bombardment. Such "transformed" cells include
stably transformed cells in which the inserted DNA is
capable of replication either as an autonomously
replicating plasmid or as part of the host chromosome.
They also include cells which transiently express the
inserted DNA or RNA for limited periods of time. 



The term "recombinant host cell" (or simply "host
cell"), as used herein, is intended to refer to a cell
into which exogenous DNA has been introduced. It
should be understood that such terms are intended to
refer not only to the particular subject cell, but, to
the progeny of such a cell. Because certain
modifications may occur in succeeding generations due
to either mutation or environmental influences, such
progeny may not, in fact, be identical to the parent
cell, but are still included within the scope of the
term "host cell" as used herein. Particularly host
cells includeprokaryotic and eukaryotic cells selected
from any of the Kingdoms of life. Particular
eukaryotic cells include protist, fungal, plant and
animal cells. In particular host cells include but are
not limited to the prokaryotic cell line E. coli;
mammalian cell lines CHO, HEK 293 and COS; the insect
cell line Sf9; and the fungal cell Saccharomyces
cerevisiae. Standard techniques may be used for
recombinant DNA, oligonucleotide synthesis, and tissue
culture and transformation (e.g., electroporation,
lipofection). Enzymatic reactions and purification
techniques may be performed according to
manufacturer's specifications or as commonly
accomplished in the art or as described herein. The
foregoing techniques and procedures may be generally
performed according to conventional methods well known
in the art and as described in various general and
more specific references that are cited and discussed
throughout the present specification. See e.g.,
Sambrook et al. Molecular Cloning: A Laboratory Manual
(2d ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1989)), which is incorporated
herein by reference for any purpose. "Transgenic
organism", as known in the art and as used herein,
refers to an organism having cells that contain a
transgene, wherein the transgene introduced into the
organism (or an ancestor of the organism) expresses a
polypeptide not naturally expressed in the organism. A
"transgene" is a DNA construct, which is stably and
operably integrated into the genome of a cell from
which a transgenic organism develops, directing the
expression of an encoded gene product in one or more
cell types or tissues of the transgenic organism. The
term "regulate" and "modulate" are used
interchangeably, and, as used herein, refers to a
change or an alteration in the activity of a molecule
of interest (e.g., the biological activity of RAGE).
Modulation may be an increase or a decrease in the
magnitude of a certain activity or function of the
molecule of interest. Exemplary activities and
functions of a molecule include, but are not limited
to, binding characteristics, enzymatic activity, cell
receptor activation, and signal transduction.
Correspondingly, the term "modulator," as used herein,
is a compound capable of changing or altering an
activity or function of a molecule of interest (e.g.,
the biological activity of RAGE). For example, a
modulator may cause an increase or decrease in the
magnitude of a certain activity or function of a
molecule compared to the magnitude of the activity or
function observed in the absence of the modulator.The
term "agonist", as used herein, refers to a modulator
that, when contacted with a molecule of interest,
causes an increase in the magnitude of a certain
activity or function of the molecule compared to the
magnitude of the activity or function observed in the
absence of the agonist. Particular agonists of
interest may include, but are not limited to, RAGE
polypeptides or polypeptides, nucleic acids,
carbohydrates, or any other molecules that bind to
RAGE. The term "antagonist", as used herein, refer to
a modulator that, when contacted with a molecule of
interest causes a decrease in the magnitude of a
certain activity or function of the molecule compared
to the magnitude of the activity or function observed
in the absence of the antagonist. Exemplary
antagonists include, but are not limited to, proteins,
peptides, antibodies, peptibodies, carbohydrates or
small organic molecules. Peptibodies are described,
e.g., in WO01/83525. Particular antagonists of
interest include those that block or modulate the
biological or immunological activity of RAGE.
Antagonists of RAGE may include, but are not limited
to, proteins, nucleic acids, carbohydrates, or any
other molecules, which bind to RAGE, particularly
monoclonal antibodies that interact with the RAGE
molecule. It should be noted that the interaction with
RAGE may result in binding and neutralization of other
ligands/cell membrane components, and may be useful
for additive or synergistic functioning against
multiple diseases. As used herein, the term "effective
amount" refers to the amount of a therapy which is
sufficient to reduce or ameliorate the severity and/or
duration of a disorder or one or more symptoms
thereof, prevent the advancement of a disorder, cause
regression of a disorder, prevent the recurrence,
development, onset or progression of one or more
symptoms associated with a disorder, detect a
disorder, or enhance or improve the prophylactic or
therapeutic effect(s) of another therapy (e.g. ,
prophylactic or therapeutic agent). The term "sample",
as used herein, is used in its broadest sense. A
"biological 



sample", as used herein, includes, but is not limited
to, any quantity of a substance from a living thing or
formerly living thing. Such living things include, but
are not limited to, humans, mice, rats, monkeys, dogs,
rabbits and other animals. Such substances include,
but are not limited to, blood, serum, urine, synovial
fluid, cells, organs, tissues, bone marrow, lymph
nodes and spleen. 2. Specific EmbodimentsSpecific
embodiments of the invention are listed below: 1. An
isolated binding protein that dissociates from human
RAGE with a K of 1 x 10~ M or less and a Ic0 ff rate
constant of 1 x 10~ s~ or less, both determined by
surface plasmon resonance. 2. i) The binding protein
of embodiment 1, that binds to human RAGE and
modulates, in particular inhibits, the ability of RAGE
to bind to at least one of its ligands, as determined
in a standard in vitro assay, as for example, a HTRF
assay, as for example described in more detail in the
experimental part, in particular examples 4 and 5, and
references cited therein ii) The binding protein of
embodiment 1 being capable of inhibiting a
RAGEmediated biological activity. iii) A binding
protein, in particular, according to one of the
preceding embodiments, having at least one of the
following biological activities: a . inhibition of
soluble AB1-40 peptide-induced reduction of cerebral
blood volume (CBV) in vivo in an animal model, like
C57BL/6 female mice, as for example described in more
detail in the experimental part, in particular example
10 and references cited therein; b. improvement of the
cerebral blood volume in vivo in an animal model
over-expressing human APP, like the transgenic Tg2576
mouse model, as for example described in more detail
in the experimental part, in particular example 16 and
references cited therein; c . reduction of amyloid
plaque number and /or amyloid plaque area in vivo in
an animal model over-expressing human APP, like the
transgenic Tg2576 mouse model, as for example
described in more detail in the experimental part, in
particular example 19 and references cited therein; d.
inhibition of aggregated AB1-40 peptide-induced
dynamin cleavage of hippocampal neurons in vitro, like
hippocampal neurons as obtained from embryonic rats,
as for example described in more detail in the
experimental part, in particular example 17 and
references cited therein;e . reversal of AB1-42
globulomer- induced reduction of synaptic transmission
in vitro, determined in hippocampal slice cultures, as
for example described in more detail in the
experimental part, in particular example 18 and
references cited therein. 3. The binding protein of
embodiment 1 or 2, wherein the ligand is selected from
ABpeptides, AB-globulomers, SlOOb and Amphoterin. 4.
The binding protein of one of the preceding
embodiments, which is a neutralizing binding protein.
5. The binding protein of one of the preceding
embodiments, which is capable of blocking, in
particular inhibiting, the binding of AB globulomer to
human RAGE. 6. The binding protein of one of the
preceding embodiments wherein said wherein said AB
globulomer is AB1-42. 7. The binding protein of one of
the preceding embodiments, wherein said binding
protein interacts with at least one, as for example 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, or 12amino acid residue
of the Cl- and /or C2-domain of human RAGE. 8. The
binding protein according to one of the preceding
embodiments, which is a humanized antibody. 9. The
binding protein according to one of the preceding
embodiments, comprising an antigen binding domain,
said binding protein capable of binding an epitope of
a human RAGE molecule, said antigen binding domain
comprising at least one CDR comprising an amino acid
sequence selected from the CDR-H3 group of amino acid
sequences consisting of SEQ ID NO.: 4, 12 and 20; and
modified CDR amino acid sequences having a sequence
identityof at least 50%, as for example at least 55,
60, 65, 70, 75, 80, 85, 90, 95 % identity, to one of
said sequences; the CDR-L3 group of amino acid
sequences consisting of SEQ ID NO.: 8, 16 and 24;
andmodified CDR amino acid sequences having a sequence
identity of at least 50%, as for example at least 55,
60, 65, 70, 75, 80, 85, 90, 95 % 



identity, to one of said sequences. 10. A binding
protein comprising an antigen binding domain, said
binding protein capable of binding an epitope of a
human RAGE molecule, said antigen binding domain
comprising at least one CDR comprising an amino acid
sequence selected from: the CDR-H3 group of amino acid
sequences consisting of SEQ ID NO.: 4, 12 and 20; and
modified CDR amino acid sequences having a sequence
identity of at least 50%, as for example at least 55,
60, 65, 70, 75, 80, 85, 90, 95 % identity, to one of
said sequences; the CDR-L3 group of amino acid
sequences consisting of SEQ ID NO.: 8, 16 and 24; and
modified CDR amino acid sequences having a sequence
identity of at least 50%, as for example at least 55,
60, 65, 70, 75, 80, 85, 90, 95 % identity, to one of
said sequences. 11. The binding protein according to
one of the preceding embodiments, further comprising
at least one CDR comprising an amino acid sequence
selected from the CDR-Hl group consisting of SEQ ID
NO: 2, 10, 18; or selected from the CDR-H2 group
consisting of SEQ ID NO: 3, 11, 19; or selected from
the CDR-Ll group consisting of SEQ ID NO: 6, 14, 22;
or selected from the CDR-L2 group consisting of SEQ ID
NO: 7, 15, 23; and modified CDR amino acid sequences
having a sequence identity of at least 50%, as for
example at least 55, 60, 65, 70, 75, 80, 85, 90, 95 %
identity, to one of said sequences. 12. The binding
protein according to any one of the preceding
embodiments, wherein said at least one CDR comprises
an amino acid sequence selected from the group
consisting of:SEQ ID NO. 2 Residues 31-35 of SEQ ID
NO. :1 SEQ ID NO. 3 Residues 50-68 of SEQ ID NO. :1
SEQ ID NO. 4 Residues 101-10 8 of SEQ ][D NO .:1 SEQ
ID NO. 6 Residues 24-34 of SEQ ID NO. :5 SEQ ID NO. 7
Residues 50-56 of SEQ ID NO. :5 SEQ ID NO. 8 Residues
89-97 of SEQ ID NO. :5 SEQ ID NO. 10 Residues 31-35 of
SEQ ID NO. :9 SEQ ID NO. 11 Residues 50-66 of SEQ ID
NO. :9 SEQ ID NO. 12 Residues 97-109 of SEQ ID NO. :9
SEQ ID NO. 14 Residues 24-34 of SEQ ID NO. :13 SEQ ID
NO. 15 Residues 50-56 of SEQ ID NO. :13 SEQ ID NO. 16
Residues 89-97 of SEQ ID NO. :13 SEQ ID NO. 18
Residues 31-35 of SEQ ID NO. :17 SEQ ID NO. 19
Residues 50-66 of SEQ ID NO. :17 SEQ ID NO. 20
Residues 99-109 of SEQ ID NO. :17 SEQ ID NO. 22
Residues 24-34 of SEQ ID NO. :21 SEQ ID NO. 23
Residues 50-56 of SEQ ID NO. :21 SEQ ID NO. 24
Residues 89-97 of SEQ ID NO. :21 13. The binding
protein according to embodiment 12, comprising at
least 3 CDRs which are selected from a variable domain
CDR set consisting of: VH 7F9 set VH 7F9 CDR-Hl
Residues 31-35 of SEQ ID NO. :1 SEQ ID NO: 2 VH 7F9
CDR-H2 Residues 50-68 of SEQ ID NO. :1 SEQ ID NO: 3 VH
7F9 CDR-H3 Residues 101-108 of SEQ ID NO .:1 SEQ ID
NO: 4 VL 7F9 set VL 7F9 CDR-Ll Residues 24-34 of SEQ
ID NO. :5 SEQ ID NO: 6 VL 7F9 CDR-L2 Residues 50-56 of
SEQ ID NO. :5 SEQ ID NO: 7 VL 7F9 CDR-L3 Residues
89-97 of SEQ ID NO. :5 SEQ ID NO: 8 VH 11E6 set VH
11E6 CDR-Hl Residues 31-35 of SEQ ID NO. :9 SEQ ID NO:
10 VH 11E6 CDR-H2 Residues 50-66 of SEQ ID NO. :9 SEQ
ID NO: 11 VH 11E6 CDR-H3 Residues 99-109 of SEQ ID NO.
:9 SEQ ID NO: 12 VL 11E6 set VL 11E6 CDR-Ll Residues
24-34 of SEQ ID NO. :13 SEQ ID NO: 14 VL 11E6 CDR-L2
Residues 50-56 of SEQ ID NO. :13 SEQ ID NO: 15 VL 11E6
CDR-L3 Residues 89-97 of SEQ ID NO. :13 SEQ ID NO: 16
VH 4E5 set VH 4E5 CDR-Hl Residues 31-35 of SEQ ID NO.
:17 SEQ ID NO: 18 VH 4E5 CDR-H2 Residues 50-66 of SEQ
ID NO. :17 SEQ ID NO: 19 VH 4E5 CDR-H3 Residues 99-109
of SEQ ID NO. :17 SEQ ID NO: 20 VL 4E5 set 



VL 4E5 CDR-Ll Residues 24-34 of SEQ ID NO. :21 SEQ ID
NO: 22 VL 4E5 CDR-L2 Residues 50-56 of SEQ ID NO. :21
SEQ ID NO: 23 VL 4E5 CDR-L3 Residues 89-97 of SEQ ID
NO. :21 SEQ ID NO: 24or a variable domain set wherein
at least one of said 3 CDRs is a modified CDR amino
acid sequence having a sequence identity of at least
50%, as for example at least 55, 60, 65, 70, 75, 80,
85, 90, 95 % identity, to the parent sequence. 14. The
binding protein according to embodiment 13, comprising
at least two variable domain CDR sets. 15. The binding
protein according to embodiment 14, wherein said at
least two variable domain CDR sets are selected from a
group consisting of: VH 7F9 set & VL 7F9 set; VH 4E5
set & VL 4E5 and VH l lE6 set & VL H E set. 16. The
binding protein according to one of the preceding
embodiments, further comprising a human acceptor
framework. 17. The binding protein according to
embodiment 16, wherein said human acceptor framework
comprises at least one amino acid sequence selected
from the group consisting of SEQ ID NO: 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53 54 and 55. 18. The
binding protein of any one of the preceding
embodiments comprising at least one heavy chain
variable domain selected from SEQ ID NO: 56 and 57;
and/or at least one light chain variable domain
selected from SEQ ID NO: 58 and 59. 19. The binding
protein of embodiment 18, wherein said binding protein
comprises two variable domains, wherein said two
variable domains have amino acid sequences selected
from : SEQ ID NOs: 56 & 58 ; 56 & 59 ; SEQ ID NOs: .57
& 58 ; 57 & 59.20. The binding protein according to
any one of the embodiment 16 to 19, wherein said human
acceptor framework comprises at least one framework
region amino acid substitution at a key residue, said
key residue selected from the group consisting of: a
residue adjacent to a CDR; a glycosylation site
residue; a rare residue; a residue capable of
interacting with a RAGE epitope; a residue capable of
interacting with a CDR; a canonical residue; a contact
residue between heavy chain variable region and light
chain variable region; a residue within a Vernier
zone; anN-terminal residue capable of para-glutamate
formation; and a residue in a region that overlaps
between a Chothia-defmed variable heavy chain CDRl and
a Rabat-defined first heavy chain framework. 2 1. The
binding protein according to embodiment 20, wherein
said key residue are selected from the group
consisting (heavy chain sequence position): 1, 2, 68,
70, 72, 76, 85, 89, 95 (light chain sequence
position): 11, 13, 43, 49, 58, 70, 87. 22. The binding
protein of any one of the preceding embodiments,
wherein the binding protein is a consensus human
variable domain. 23. The binding protein of any one of
the embodiments 16 to 22, wherein said human acceptor
framework comprises at least one framework region
amino acid substitution, as for example 1 to 20, 1
to15, 1 to 10, or 2, 3, 4, 5, 6, 7, 8 or 9
substitutions, wherein the amino acid sequence of the
framework is at least 65% identical to the sequence of
said human acceptor framework and comprises at least
70 amino acid residues identical to said human
acceptor framework.24. The binding protein of any one
of the preceding embodiments, wherein said binding
protein comprises at least one (framework mutated)
variable domain having an amino acid sequence selected
from the group consisting of: (heavy chain sequences)
SEQ ID NO: 62, 67, 68 and 69; (light chain sequences)
SEQ ID NO: 63, 64, 65 and 66. 25. The binding protein
of embodiment 24, wherein said binding protein
comprises two variable domains, wherein said two
variable domains have amino acid sequences selected
from the groups consisting of: SEQ ID NOs: 62 & 63 ;
62 & 64 ; 62 & 65 ; 62 & 66 ;; SEQ ID NOs: 67 & 63 ;
67 & 64 ; 67 & 65 ; 67 & 66 ; 



SEQ ID NOs: 68 & 63 ; 68 & 64 ; 68 & 65 ; 68 & 66 ;
26. The binding protein of any one of the preceding
embodiments, wherein said binding protein is capable
of binding a target, selected from RAGE molecules. 27.
The binding protein of any one of the preceding
embodiments capable of binding to human RAGE. 28. The
binding protein of embodiment 27, having at least one
of the following additional functional
characteristics: binding to mouse and rat RAGE. 29.
The binding protein of any one of the preceding
embodiments, wherein the binding protein is capable of
modulating, in particular neutralizing, a biological
function of a target, selected from RAGE molecules.
30. The binding protein of embodiment 29, wherein said
binding protein modulates, in particular inhibits, the
ability of RAGE to bind to at least one of its
ligands. 31. The binding protein of embodiment 30,
wherein said binding protein modulates, in particular
inhibits, at least one of the following
interactions:binding of human RAGE to AB peptides,
AB-globulomers, SlOOb and amphoterin. 32. The binding
protein of any one of the preceding embodiments,
wherein said binding protein is capable of
neutralizing a RAGE biological activity, as for
example Ab-induced cleavage of dynamin in primary
neurons, Globulomer induced synaptic deficits in
hippocampal slices, Ab-induced decrease in CBV 33. The
binding protein of embodiment 32, wherein the RAGE
molecule is RAGE or a RAGE fragment, like sRAGE. 34.
The binding protein of embodiment 33, wherein the RAGE
is selected from human, rat and mouse. 35. The binding
protein of any one of the preceding embodiments,
wherein said binding protein has an on rate constant
(Ic0n) to said target selected from the group
consisting of: at least about 102M 1S1; at least about
103M 1S1; at least about 104M 1S1 ; at least about
105M 1S1 ; at least about 106M 1S1 , and at least
about 107M 1s 1 as measured by surface plasmon
resonance. 36. The binding protein of any one of the
preceding embodiments, wherein said binding protein
has an off rate constant (koff) to said target
selected from the group consisting of: at most about
10 2S1; at most about 10 3S1; at most about 10 4S1; at
most about 10 5S1; and at most about 10 6S1, as
measured by surface plasmon resonance. 37. The binding
protein of any one of the preceding embodiments,
wherein said binding protein has a dissociation
constant (KD) to said target selected from the group
consisting of: at most about 10 7 M; at most about 10
8 M; at most about 10 9 M; at most about 10 10 M; at
most about 10 11 M; at most about 10 12 M; and at most
10 13 M.38. An antibody construct comprising a binding
protein described in any one of the preceding
embodiments, said antibody construct further
comprising a linker polypeptide or an immunoglobulin
constant domain. 39. The antibody construct according
to embodiment 38, wherein said binding protein is
selected from the group consisting of: an
immunoglobulin molecule, a monoclonal antibody, a
chimeric antibody, a CDR-grafted antibody, a humanized
antibody, a Fab, a Fab', a F(ab')2, a Fv, a disulfide
linked Fv, a scFv, a single domain antibody, a
diabody, a multispecific antibody, a dual specific
antibody, a dual variable domain immunoglobulin, and a
bispecific antibody. 40. The antibody construct
according to any on of the embodiments 38 and 39,
wherein said binding protein comprises a heavy chain
immunoglobulin constant domain selected from the group
consisting of; a human IgM constant domain, 



a human IgGl constant domain, a human IgG2 constant
domain, a human IgG3 constant domain, a human IgG4
constant domain, a human IgE constant domain, a human
IgD constant domain,a human IgAl constant domain a
human IgA2 constant domain a human IgY constant domain
and and corresponding mutated domains. 4 1. The
antibody construct according to any on of the
embodiments 38 to 40, comprising an immunoglobulin
constant domain having an amino acid sequence selected
from the group consisting of: SEQ ID NO: 25, 41, 42,
and 26. 42. An antibody conjugate comprising an
antibody construct described in any one of embodiments
38 to 41, said antibody conjugate further comprising
an agent selected from the group consisting of; an
immunoadhension molecule, an imaging agent, a
therapeutic agent, and a cytotoxic agent. 43. The
antibody conjugate according to embodiment 42, wherein
said agent is an imaging agent selected from the group
consisting of a radiolabel, an enzyme, a fluorescent
label, a luminescent label, a bioluminescent label, a
magnetic label, and biotin. 44. The antibody conjugate
according to embodiment 43, wherein said imaging agent
is a radiolabel selected from the group consisting of:
3H 14C, 35S, 90Y, 99Tc, 111 In, 125I, 131 I, 177Lu,
166Ho, and 153Sm. 45. The antibody conjugate according
to embodiment 42, wherein said agent is a therapeutic
or cytotoxic agent selected from the group consisting
of; an anti metabolite, an alkylating agent, an
antibiotic, a growth factor, a cytokine, an
anti-angiogenic agent, an anti-mitotic agent, an
anthracycline, toxin, and an apoptotic agent. 46. The
antibody construct according to any on of the
embodiments 38 to 41, wherein said binding protein
possesses a human glycosylation pattern.47. The
antibody conjugate according to any on of the
embodiments 42 to 45, wherein said binding protein
possesses a human glycosylation pattern. 48. The
binding protein according to any one of the
embodiments 1 to 37, wherein said binding protein
exists as a crystal. 49. The antibody construct
according to any one of the embodiments 38 to 41,
wherein said antibody construct exists as a crystal.
50. The antibody conjugate according to any one of the
embodiments 42 to 45, wherein said antibody construct
exists as a crystal. 51. The binding protein according
to embodiment 48, wherein said crystal is a
carrier-free pharmaceutical controlled release
crystal. 52. The antibody construct according to
embodiment 49, wherein said crystal is a carrier-free
pharmaceutical controlled release crystal. 53. The
antibody conjugate according to embodiment 50, wherein
said crystal is a carrier-free pharmaceutical
controlled release crystal. 54. The binding protein
according to embodiment 48, wherein said binding
protein has a greater half life in vivo than the
soluble counterpart of said binding protein. 55. The
antibody construct according to embodiment 49, wherein
said antibody construct has a greater half life in
vivo than the soluble counterpart of said antibody
construct. 56. The antibody conjugate according to
embodiment 50, wherein said antibody conjugate has a
greater half life in vivo than the soluble counterpart
of said antibody conjugate.57. The binding protein
according to embodiment 48, wherein said binding
protein retains biological activity. 58. The antibody
construct according to embodiment 49, wherein said
antibody construct retains biological activity. 59.
The antibody conjugate according to embodiment 50,
wherein said antibody conjugate retains biological
activity. 60. An isolated nucleic acid encoding a
binding protein amino acid sequence of any one of
embodiments 1-37. 6 1. An isolated nucleic acid
encoding an antibody construct amino acid sequence of
any one of embodiments 38-41. 62. An isolated nucleic
acid encoding an antibody conjugate amino acid
sequence of any one of embodiments 42-45. 63. A vector
comprising an isolated nucleic acid according to any
one of 



embodiments 60 to 62. 64. The vector of embodiment 63
wherein said vector is selected from the group
consisting of pcDNA, pTT, pTT3, pEFBOS, pBV, pJV,
pHybE, and pBJ. 65. A host cell comprising a vector
according to any one of embodiments 63 and 64. 66. The
host cell according to embodiment 65, wherein said
host cell is a prokaryotic cell. 67. The host cell
according to embodiment 66, wherein said host cell is
E. coli. 68. The host cell according to embodiment 67,
wherein said host cell is a eukaryotic cell.69. The
host cell according to embodiment 68, wherein said
eukaryotic cell is selected from the group consisting
of protist cell, animal cell, plant cell and fungal
cell. 70. The host cell according to embodiment 69,
wherein said eukaryotic cell is an animal cell
selected from the group consisting of; a mammalian
cell, an avian cell, and an insect cell. 7 1. The host
cell according to embodiment 69, wherein said host
cell is selected from HEK Cells, CHO cells COS cells
and yeast cells. 72. The host cell according to
embodiment 71, wherein said yeast cell is
Saccharomyces cerevisiae. 73. The host cell according
to embodiment 70, wherein said host cell is an insect
Sf9 cell. 74. A method of producing a protein capable
of binding RAGE, comprising culturing a host cell of
any one of embodiments 65 to 73 in culture medium
under conditions sufficient to produce a binding
protein capable of binding RAGE. 75. A protein
produced according to the method of embodiment 74. 76.
A composition for the release of a binding protein
said composition comprising (a) a formulation, wherein
said formulation comprises a crystallized product
protein according to any one of embodiments 48 to 50,
and an ingredient; and (b) at least one polymeric
carrier. 77. The composition according to embodiment
76, wherein said polymeric carrier is a polymer
selected from one or more of the group consisting of:
poly (acrylic acid), poly (cyanoacrylates), poly
(amino acids), poly (anhydrides),poly (depsipeptide),
poly (esters), poly (lactic acid), poly
(lactic-co-glycolic acid) or PLGA, poly
(b-hydroxybutryate), poly (caprolactone), poly
(dioxanone); poly (ethylene glycol), poly
((hydroxypropyl) methacrylamide, poly [(organo)
phosphazene], poly (ortho esters), poly (vinyl
alcohol), poly (vinylpyrrolidone), maleic anhydride-
alkyl vinyl ether copolymers, pluronic polyols,
albumin, alginate, cellulose and cellulose
derivatives, collagen, fibrin, gelatin, hyaluronic
acid, oligosaccharides, glycaminoglycans, sulfated
polyeaccharides, blends and copolymers thereof. 78.
The composition according to embodiment 76, wherein
said ingredient is selected from the group consisting
of albumin, sucrose, trehalose, lactitol, gelatin,
hydroxypropyl-b- cyclodextrin, methoxypolyethylene
glycol and polyethylene glycol. 79. A method for
treating a mammal comprising the step of administering
to the mammal an effective amount of the composition
according to any one of the embodiments 77 and 78. 80.
A pharmaceutical composition comprising the product of
any one of embodiments 1 to 59, and a pharmaceutically
acceptable carrier. 81. The pharmaceutical composition
of embodiment 80, wherein said pharmaceutically
acceptable carrier functions as adjuvant useful to
increase the absorption, or dispersion of said binding
protein. 82. The pharmaceutical composition of
embodiment 81, wherein said adjuvant is hyaluronidase.
83. The pharmaceutical composition of embodiment 82
further comprising at least one additional therapeutic
agent for treating a disorder in which RAGE activity
is detrimental. 84. The pharmaceutical composition of
embodiment 83, wherein said additional agent is
selected from the group consisting of: Therapeutic
agent, imagingagent, cytotoxic agent, angiogenesis
inhibitors; kinase inhibitors; costimulation molecule
blockers; adhesion molecule blockers; anti-cytokine
antibody or functional fragment thereof; methotrexate;
cyclosporin; rapamycin; FK506; detectable label or
reporter; a TNF antagonist; an antirheumatic; a muscle
relaxant, a narcotic, a non-steroid anti-inflammatory
drug (NSAID), an analgesic, an anesthetic, a sedative,
a local anesthetic, a 



neuromuscular blocker, an antimicrobial, an
antipsoriatic, a corticosteriod, an anabolic steroid,
an erythropoietin, an immunization, an immunoglobulin,
an immunosuppressive, a growth hormone, a hormone
replacement drug, a radiopharmaceutical, an
antidepressant, an antipsychotic, a stimulant, an
asthma medication, a beta agonist, an inhaled steroid,
an epinephrine or analog, a cytokine, and a cytokine
antagonist. Further examples are: Dimebon,
anti-Ab-antibodies, beta-secretase inhibitors,
tau-modulators, cognition enhancers like e.g. 5-HT6
antagonists, cholesterinase inhibitor (e.g., tactrine,
donepezil, rivastigmine or galantamine) , a partial
NMDA receptor blocker (e.g., memantine) , a
glycosaminoglycan mimetic (e.g., Alzhemed) , an
inhibitor or allosteric modulator of gamma secretase
(e.g., R- flurbiprofen) , a luteinizing hormone
blockade gonadotropin releasing hormone agonist (e.g.,
leuprorelin) , a serotinin 5- HTlA receptor
antagonist, a chelatin agent, a neuronal selective
L-type calcium channel blocker, an immunomodulator, an
amyloid fibrillogenesis inhibitor or amyloid protein
deposition inhibitor (e.g., M266) , another antibody
(e.g., bapineuzumab) , a 5-HTla receptor antagonist, a
PDE4 inhibitor, a histamine agonist, a receptor
protein for advanced glycation end products, a PARP
stimulator, a serotonin 6 receptor antagonist, a 5-HT4
receptor agonist, a human steroid, a glucose uptake
stimulant which enhanced neuronal metabolism, a
selective CBl antagonist, a partial agonist at
benzodiazepine receptors, an amyloid beta production
antagonist or inhibitor, an amyloid beta deposition
inhibitor, a NNR alpha-7 partial antagonist, a
therapeutic targeting PDE4, a RNA translation
inhibitor, a muscarinic agonist, a nerve growth factor
receptor agonist, a NGF receptor agonist and a gene
therapy modulator.85. A method for reducing human RAGE
activity comprising contacting human RAGE with the
product of any one of embodiments 1 to 59 such that
human RAGE activity is reduced. 86. A method for
decreasing hRAGE binding to at least one ligand
selected from AB peptides, globulomers, SlOOb and
Amphoterin in a subject in need thereof, comprising
the step of administering to the subject a product of
any one of embodiments 1 to 59. 87. A method of
treating a subject for a disorder associated with RAGE
activity comprising the step of administering alone or
in combination with other therapeutic agents a product
of any one of embodiments 1 to 59. 88. A method for
reducing RAGE activity in a subject suffering from a
disorder in which RAGE activity is detrimental,
comprising administering to the subject a product of
any one of embodiments 1 to 59, alone or in
combination with other therapeutic agents. 89. The
method of embodiment 88, wherein the disorder
comprises neurological diseases selected from the
group comprising Amytropic Lateral Sclerosis, Brachial
Plexus Injury, Brain Injury, including traumatic brain
injury, Cerebral Palsy, Friedrich's Ataxia, Guillain
Barre, Leukodystrophies, Multiple Sclerosis, Post
Polio, Spina Bifida, Spinal Cord Injury, Spinal Muscle
Atrophy, Spinal Tumors, Stroke, Transverse Myelitits,
dementia, senile dementia, mild cognitive impairment,
Alzheimer-related dementia, Huntington's chorea,
tardive dyskinesia, hyperkinesias, manias, Morbus
Parkinson, steel-Richard syndrome, Down's syndrome,
myasthenia gravis, nerve trauma, vascular amyloidosis,
cerebral hemorrhage I with amyloidosis, brain
inflammation, Friedrich's ataxia, acute confusion
disorder, amyotrophic lateral sclerosis, glaucoma,
Alzheimer's disease, diabetic nephropathy, sepsis,
rheumatoid arthritis and related inflammatory
diseases; Diabetes and resulting complications like
diabetic retinopathy, nephropathy, vascular
complications; atherosclerotic complications,
pulmonary fibrosis, Cancer especially melanomas, other
amyloidoses90. An isolated CDR of a binding protein as
defined in any one of the embodiments 1 to 51. 9 1. An
isolated binding protein that specifically interacts
to at least one epitope of a Receptor of Advanced
Glycation Endproducts (RAGE) protein. 92. The isolated
binding protein of embodiment 91, wherein the isolated
protein is a monoclonal antibody or antigen binding
fragment thereof. 93. The monoclonal antibody or
antigen binding fragment according to embodiment 92,
which comprises a VH and a VL domain. 94. The
monoclonal antibody according to embodiment 92 wherein
said monoclonal antibody diminishes the ability of
RAGE to bind to its ligands. 95. The ligands according
to embodiment 94, wherein the ligands comprise AB
peptides, globulomers, SlOOb and amphoterin. 



96. The monoclonal antibody according to embodiment 92
wherein said antibody is capable of blocking the
binding of AB globulomer to RAGE. 97. The monoclonal
antibody or antigen binding fragment thereof according
to embodiment 92 wherein the antibody or antigen
binding fragment comprises: a heavy chain variable
region having an amino acid sequence selected from the
group consisting of SEQ ID NO. 1, SEQ ID NO. 9, and
SEQ ID NO. 17; a light chain variable region having an
amino acid sequence selected from the group consisting
of SEQ ID NO. 5, SEQ ID NO. 13, and SEQ ID NO. 21; a
human Immunoglobulin gamma 1 heavy chain constant
region with amino acid sequence SEQ ID No. 25; and a
human Immunoglobulin kappa light chain constant region
with amino acid sequence SEQ ID NO 26.98. The
monoclonal antibody of embodiment 93, wherein the
antigen binding domain comprises at least one
complementarity determining region (CDR) comprising an
amino acid sequence with at least 90% homology with
the sequence selected form the group consisting of SEQ
ID NOs: 2, 3, 4, 6, 7, 8, 10, 11, 12, 14, 15, 16, 18,
19, and 20. 99. The monoclonal antibody according to
embodiment 93 wherein said VH domain comprises a heavy
chain variable region having an amino acid sequence
that has at least 90% homology with the sequence
selected from the group consisting of SEQ ID NO. 1,
SEQ ID NO. 9, and SEQ ID NO. 17. 100. The monoclonal
antibody according to embodiment 99 wherein said VH
domain comprises at least one CDR region comprising an
amino acid sequence with at least 90% homology with
the sequence selected form the group consisting of SEQ
ID NOs: 2, 3, 4, 10, 11, 12, 18, 19, and 20. 101 . The
monoclonal antibody according to embodiment 100
wherein said VH domain comprises at least three CDR
regions selected from the set of SEQ ID NOs: 2, 3,4;
SEQ ID NOs. 10, 11, 12; SEQ ID NOs. 18, 19, and 20.
102. The monoclonal antibody according to embodiment
93 wherein said VL domain comprises a light chain
variable region having an amino acid sequence that has
at least 90% homology with the sequence selected from
the group consisting of SEQ ID NO. 5, SEQ ID NO. 13,
and SEQ ID NO. 21. 103. The monoclonal antibody
according to embodiment 102 wherein said VL domain
comprises at least one CDR region comprising an amino
acid sequence with at least 90% homology with the
sequence selected form the group consisting of SEQ ID
NOs: 6, 7, 8, 14, 15, 16, 22, 23, and 24. 104. The
monoclonal antibody according to embodiment 103
wherein said VL domain comprises at least three CDR
regions selected from the set of SEQ ID NOs: 6, 7, 8;
SEQ ID NOs. 14, 15, 16; SEQ ID NOs. 22, 23, and
24.105. The antibody or antigen-binding fragment of
embodiment 92, wherein said antibody or
antigen-binding fragment is a mouse antibody, a
humanized antibody, a fully human, a chimeric
antibody, an antigen-binding fragment of a humanized
antibody, or an antigen-binding fragment of a chimeric
antibody. 106. The antibody or antigen-binding
fragment of embodiment 92, wherein said antibody or
antigen-binding fragment is an antigen-binding
fragment selected from the group consisting of a Fab
fragment, a Fab' fragment, a F(ab')2 fragment and a Fv
fragment. 107. A hybridoma cell line that produces a
monoclonal antibody or antigen-binding fragment
thereof according to embodiment 96. 108. The hybridoma
cell line of embodiment 107, wherein the hybridoma is
selected from the group consisting of mouse, human,
rat, sheep, pig, cattle, goat, and horse hybridoma.
109. A hybridoma cell line that produces a monoclonal
antibody, which specifically binds to at least one
epitope of a RAGE protein. 110. The hybridoma cell
line of embodiment 107, wherein the hybridoma is
selected from the group consisting of mouse and human
hybridoma. 111. The hybridoma cell line of embodiment
107, wherein the hybridoma is selected from the group
consisting of rat, sheep, pig, cattle, goat, and horse
hybridoma. 112. A vector comprising the isolated
nucleic acid comprising the isolated nucleic acid that
encodes any of the amino acid sequences of embodiment
97, wherein said vector is selected form the group
consisting of pcDNA; pTT; pTT3; pEFBOS; pBV; pJV; and
pBJ.113. A host cell transformed with the vector
according to embodiment 112, wherein the host cell is
selected form the group consisting of protist cell,
animal cell, plant cell and fungal cell. 114. The host
cell of embodiment 113 wherein the animal cell is a
mammalian cell selected form the group comprising
HEK293, CHO and COS. 



115. A method of producing the isolated binding
protein according to embodiment 91, comprising
culturing a host cell in a culture medium under
conditions sufficient to produce the binding protein,
collecting the culture media, and purifying the
produced isolated binding protein. 116. A
pharmaceutical composition comprising the monoclonal
antibody or antigen-binding portion according to any
of embodiments 99 or 102 and a pharmaceutically
acceptable carrier. 117. A method of treating a
disease or disorder comprising administering the
monoclonal antibodies of embodiments 99 or 102 that
bind to the C2-domain in RAGE. 118. The method of
embodiment 117 wherein the disorder comprisesjieuro
logical diseases selected from the group comprising
Amytropic Lateral Sclerosis, Brachial Plexus Injury,
Brain Injury, including traumatic brain injury,
Cerebral Palsy, Friedrich's Ataxia, Guillain Barre,
Leukodystrophies, Multiple Sclerosis, Post Polio,
Spina Bifida, Spinal Cord Injury, Spinal Muscle
Atrophy, Spinal Tumors, Stroke, Transverse Myelitits,
dementia, senile dementia, mild cognitive impairment,
Alzheimer-related dementia, Huntington's chorea,
tardive dyskinesia, hyperkinesias, manias, Morbus
Parkinson, steel-Richard syndrome, Down's syndrome,
myasthenia gravis, nerve trauma, vascular amyloidosis,
cerebral hemorrhage I with amyloidosis, brain
inflammation, Friedrich's ataxia, acute confusion
disorder, amyotrophic lateral sclerosis, glaucoma,
Alzheimer's disease, diabetic nephropathy, sepsis,
rheumatoid arthritis and related inflammatory
diseases.119. The antibody of embodiment 105,
comprising at least one VH region comprising an amino
acid sequence selected from SEQ ID NO: 56 and 57. 120.
The antibody of embodiment 105, comprising at least
one VL region comprising an amino acid sequence
selected from SEQ ID NO: 58 and 59. 121. The antibody
of embodiment 119 or 120, additionally modified by 1
to 10 mutations in an VH or VL sequence. 122. The
antibody of embodiment 121, wherein the mutations are
selected from framework back mutations and mutations
of Vernier and VH/VL interfacing residues. 123. An
antibody or binding protein of one of the preceding
embodiments which inibits the binding of RAGE to an
HMGB 1-CpG DNA complex; or an antibody or binding
protein of one of the preceding embodiments which does
not inhibit the binding of RAGE to an HMGBl-CpG DNA
complex. 3. Generation of anti-RAGE antibodies 3.1.
General Antibodies of the application can be generated
by immunization of a suitable host (e.g., vertebrates,
including humans, mice, rats, sheep, goats, pigs,
cattle, horses, reptiles, fishes, amphibians, and in
eggs of birds, reptiles and fish). To generate the
antibodies of the present application, the host is
immunized with an immunogenic RAGE polypeptide or
fragment thereof of the invention. The term
"immunization" refers herein to the process of
presenting an antigen to an immune repertoire whether
that repertoire exists in a natural genetically
unaltered organism, or a transgenic organism,
including those modified to display an artificial
hum5an immune repertoire. Similarly, an "immunogenic
preparation" is a formulation of antigen that contains
adjuvants or other additives that would enhance the
immunogenicity of the antigen. Immunization of animals
may be done by any method known in the art. See, e.g.,
Harlow and Lane, Antibodies: A Laboratory Manual, New
York: Cold Spring Harbor Press, 1990. Methods for
immunizing non- human animals such as mice,
rats,sheep, goats, pigs, cattle and horses are well
known in the art. See, e.g., Harlow and Lane and U.S.
Pat. No. 5, 994,619. In a particular embodiment, the
RAGE antigen is administered with an adjuvant to
stimulate the immune response. Such adjuvants include
complete or incomplete Freund's adjuvant, RIBI
(muramyl dipeptides) or ISCOM (immunostimulating
complexes). Such adjuvants may protect the polypeptide
from rapid dispersal by sequestering it in a local
deposit, or they may contain substances that stimulate
the host to secrete factors that are chemotactic for
macrophages and other components of the immune system.
Particularly, if a polypeptide is being administered,
the immunization schedule will involve two or more
administrations of the polypeptide, spread out over
several weeks. It is contemplated that the animal host
is immunized with the antigen associated with the cell
membrane of an intact or disrupted cell and antibodies
of the present application are identified by binding
to an immunogenic polypeptide of the invention. After
immunization of the animal host with the antigen,
antibodies may be obtained from the animal. The
antibody-containing serum is obtained from the animal
by bleeding or sacrificing the animal. The serum may
be used as it is obtained from 



the animal, an immunoglobulin fraction may be obtained
from the serum, or the antibodies may be purified from
the serum. Serum or immunoglobulins obtained in this
manner are polyclonal, thus having a heterogeneous
array of properties. 3.2 Anti-RAGE monoclonal
antibodies using Hybridoma technology Monoclonal
antibodies can be prepared using a wide variety of
techniques known in the art including the use of
hybridoma, recombinant, and phage display
technologies, or a combination thereof. For example,
monoclonal antibodies can be produced using hybridoma
techniques including those known in the art and
taught, for example, in Harlow et al. , Antibodies: A
Laboratory Manual, (Cold Spring Harbor Laboratory
Press, 2nd ed. 1988); Hammerling, et al., in:
Monoclonal Antibodies and T-CeIl Hybridomas 563-681
(Elsevier, N.Y., 1981) (said references incorporated
by reference in their entireties). The term
"monoclonal antibody" as used herein is not limited to
antibodies produced through hybridoma technology. The
term "monoclonal antibody" refers to an antibody that
is derived from a single clone, including any
eukaryotic, prokaryotic, or phage clone, and not the
method by which it is produced. Methods for producing
and screening for specific antibodies using hybridoma
technology are routine and well known in the art. In
one embodiment,the present invention provides methods
of generating monoclonal antibodies as well as
antibodies produced by the method comprising culturing
a hybridoma cell secreting an antibody of the
invention wherein, particularly, the hybridoma is
generated by fusing splenocytes isolated from a mouse
immunized with an antigen of the invention with
myeloma cells and then screening the hybridomas
resulting from the fusion for hybridoma clones that
secrete an antibody able to bind a polypeptide of the
invention. Briefly, mice can be immunized with an RAGE
antigen. In a particular embodiment, the RAGE antigen
is administered with a adjuvant to stimulate the
immune response. Such adjuvants include complete or
incomplete Freund's adjuvant, RIBI (muramyl
dipeptides) or ISCOM (immunostimulating complexes).
Such adjuvants may protect the polypeptide from rapid
dispersal by sequestering it in a local deposit, or
they may contain substances that stimulate the host to
secrete factors that are chemotactic for macrophages
and other components of the immune system.
Particularly, if a polypeptide is being administered,
the immunization schedule will involve two or more
administrations of the polypeptide, spread out over
several weeks. Once an immune response is detected,
e.g., antibodies specific for the antigen RAGE are
detected in the mouse serum, the mouse spleen is
harvested and splenocytes isolated. The splenocytes
are then fused by well-known techniques to any
suitable myeloma cells, for example cells from cell
line SP20 available from the ATCC. Hybridomas are
selected and cloned by limited dilution. The hybridoma
clones are then assayed by methods known in the art
for cells that secrete antibodies capable of binding
RAGE. Ascites fluid, which generally contains high
levels of antibodies, can be generated by immunizing
mice with positive hybridoma clones. In another
embodiment, antibody-producing immortalized hybridomas
may be prepared from the immunized animal. After
immunization, the animal is sacrificed and the splenic
B cells are fused to immortalized myeloma cells as is
well known in the art. See, e.g., Harlow and Lane,
supra. In a particular embodiment, the myeloma cells
do not secrete immunoglobulin polypeptides (a
non-secretory cell line). After fusion and antibiotic
selection, the hybridomas are screened using RAGE or a
portion thereof, or a cell expressing RAGE. In a
particular embodiment, the initial screening is
performed using an enzyme-linked immunoassay (ELISA)
or a radioimmunoassay (RIA), particularlyan ELISA. An
example of ELISA screening is provided in WO 00/37504,
herein incorporated by reference.Anti- RAGE
antibody-producing hybridomas are selected, cloned and
further screened for desirable characteristics,
including robust hybridoma growth, high antibody
production and desirable antibody characteristics, as
discussed further below. Hybridomas may be cultured
and expanded in vivo in syngeneic animals, in animals
that lack an immune system, e.g., nude mice, or in
cell culture in vitro. Methods of selecting, cloning
and expanding hybridomas are well known to those of
ordinary skill in the art. In a particular embodiment,
the hybridomas are mouse hybridomas, as described
above. In another particular embodiment, the
hybridomas are produced in a non-human, non-mouse
species such as rats, sheep, pigs, goats, cattle or
horses. In another embodiment, the hybridomas are
human hybridomas, in which a human nonsecretory
myeloma is fused with a human cell expressing an anti-
RAGE antibody. Antibody fragments that recognize
specific epitopes may be generated by known
techniques. For example, Fab and F(ab')2 fragments of
the invention may be produced by proteolytic cleavage
of immunoglobulin molecules, using enzymes such as
papain (to produce Fab fragments) or pepsin (to
produce F(ab')2 fragments). 



F(ab')2 fragments contain the variable region, the
light chain constant region and the CHI domain of the
heavy chain. 3.3 Anti- RAGE monoclonal antibodies
using SLAM In another aspect of the invention,
recombinant antibodies are generated from single,
isolated lymphocytes using a procedure referred to in
the art as the selected lymphocyte antibody method
(SLAM), as described in U.S. Patent No. 5,627,052, PCT
Publication WO 92/02551 and Babcock, J.S. et al.
(1996) Proc. Natl. Acad. Sci. USA 93_:7843-7848. In
this method, single cells secreting antibodies of
interest, e.g., lymphocytes derived from any one of
the immunized animals described above, are screened
using an antigen-specific hemolytic plaque assay,
wherein the antigen RAGE, a subunit of RAGE, or a
fragment thereof, is coupled to sheep red blood cells
using a linker, such as biotin, and used to identify
single cells that secrete antibodies with specificity
for RAGE. Following identification of
antibody-secreting cells of interest, heavy- and
light-chain variable region cDNAs are rescued from the
cells by reverse transcriptase-PCR and these variable
regions can then be expressed, in the context of
appropriate immunoglobulin constant regions (e.g.,
human constant regions), in mammalian host cells, such
as COS or CHO cells. The host cellstransfected with
the amplified immunoglobulin sequences, derived from
in vivo selected lymphocytes, can then undergo further
analysis and selection in vitro, for example by
panning the transfected cells to isolate cells
expressing antibodies to RAGE. The amplified
immunoglobulin sequences further can be manipulated in
vitro, such as by in vitro affinity maturation methods
such as those described in PCT Publication WO 97/29131
and PCT Publication WO 00/56772. 3.4 Anti- RAGE
monoclonal antibodies using transgenic animals In
another embodiment of the instant invention,
antibodies are produced by immunizing a non-human
animal comprising some, or all, of the human
immunoglobulin locus with an RAGE antigen. In a
particular embodiment, the nonhuman animal is a
XENOMOUSE transgenic mouse, an engineered mouse strain
that comprises large fragments of the human
immunoglobulin loci and is deficient in mouse antibody
production. See, e.g., Green et al. Nature Genetics
7:13-21 (1994) and United States Patents 5,916,771,
5,939,598, 5,985,615, 5,998,209, 6,075,181, 6,091,001,
6,1 14,598 and 6,130,364. See also WO 91/10741,
published July 25,1991, WO 94/02602, published
February 3, 1994, WO 96/34096 and WO 96/33735, both
published October 31, 1996, WO 98/16654, published
April 23, 1998, WO 98/24893, published June 11, 1998,
WO 98/50433, published November 12, 1998, WO 99/45031,
published September 10, 1999, WO 99/53049, published
October 21, 1999, WO 00 09560, published February 24,
2000 and WO 00/037504, published June 29, 2000. The
XENOMOUSE transgenic mouse produces an adultlike human
repertoire of fully human antibodies, and generates
antigen-specific human Mabs. The XENOMOUSE transgenic
mouse contains approximately 80% of the human antibody
repertoire through introduction of megabase sized,
germline configuration YAC fragments of the human
heavy chain loci and x light chain loci. See Mendez et
al., Nature Genetics 15:146-156 (1997), Green and
Jakobovits J. Exp. Med. 188:483-495 (1998), the
disclosures of which are hereby incorporated by
reference. 3.5 Anti- RAGE monoclonal antibodies using
recombinant antibody libraries In vitro methods also
can be used to make the antibodies of the invention,
wherein an antibody library is screened to identify an
antibody having the desired binding specificity.
Methods for such screening of recombinant antibody
libraries arewell known in the art and include methods
described in, for example, Ladner et al U.S. Patent
No. 5,223,409; Kang et al PCT Publication No. WO
92/18619; Dower et al PCT Publication No. WO 91/17271;
Winter et al. PCT Publication No. WO 92/20791;
Markland et al. PCT Publication No. WO 92/15679;
Breitling et al. PCT Publication No. WO 93/01288;
McCafferty et al. PCT Publication No. WO 92/01047;
Garrard et al. PCT Publication No. WO 92/09690; Fuchs
et al. (1991) Bio/Technology 9:1370-1372; Hay et al.
(1992) Hum Antibod Hybridomas 3:81-85; Huse et al.
(1989) Science 246:1275-1281; McCafferty et al, Nature
(1990) 348:552-554; Griffiths et al (1993) EMBO J
12:725-734; Hawkins et al (1992) J MoI Biol
226:889-896; Clackson et al (1991) Nature 352:624-628;
Gram et al (1992) PNAS 89:3576-3580; Garrad et al
(1991) Bio/Technology 9:1373-1377; Hoogenboom et al
(1991) Nuc Acid Res 19:4133-4137; and Barbas et al
(1991) PNAS 88:7978-7982, US patent application
publication 20030186374, and PCT Publication No. WO
97/29131, the contents of each of which are
incorporated herein by reference. The recombinant
antibody library may be from a subject immunized with
RAGE, or a portion of RAGE. Alternatively, the
recombinant antibody library may be from a nave
subject, i.e., one who has not been immunized with
RAGE, such as a human antibody library from a human
subject who has not been immunized with 



human RAGE. Antibodies of the invention are selected
by screening the recombinant antibody library with the
peptide comprising human RAGE to thereby select those
antibodies that recognize RAGE. Methods for conducting
such screening and selection are well known in the
art, such as described in the references in the
preceding paragraph. To select antibodies of the
invention having particular binding affinities for
hRAGE, such as those that dissociate from human RAGE
with a particular koff rate constant, the art-known
method of surface plasmon resonance can be used to
select antibodies having the desired koff rate
constant. To select antibodies of the invention having
a particular neutralizing activity for hRAGE , such as
those with a particular an IC50, standard methods
known in the art for assessing the inhibition of hRAGE
activity may be used. In one aspect, the invention
pertains to an isolated antibody, or an antigenbinding
portion thereof, that binds human RAGE. Particularly,
the antibody is a neutralizing antibody. In various
embodiments, the antibody is a recombinant antibody or
a monoclonal antibody.For example, the antibodies of
the present invention can also be generated using
various phage display methods known in the art. In
phage display methods, functional antibody domains are
displayed on the surface of phage particles, which
carry the polynucleotide sequences encoding them. In a
particular, such phage can be utilized to display
antigen-binding domains expressed from a repertoire or
combinatorial antibody library (e. g., human or
murine). Phage expressing an antigen binding domain
that binds the antigen of interest can be selected or
identified with antigen, e.g., using labeled antigen
or antigen bound or captured to a solid surface or
bead. Phage used in these methods are typically
filamentous phage including fd and M13 binding domains
expressed from phage with Fab, Fv or disulfide
stabilized Fv antibody domains recombinantly fused to
either the phage gene III or gene VIII protein.
Examples of phage display methods that can be used to
make the antibodies of the present invention include
those disclosed in Brinkman et al, J . Immunol.
Methods 182:41-50 (1995); Ames et al., J . Immunol.
Methods 184:177-186 (1995); Kettleborough et al., Eur.
J . Immunol. 24:952-958 (1994); Persic et al., Gene
187 9-18 (1997); Burton et al., Advances in Immunology
57:191-280 (1994); PCT application No. PCT/GB9 1/0
1134; PCT publications WO 90/02809; WO 91/10737; WO
92/01047; WO 92/18619; WO 93/1 1236; WO 95/15982; WO
95/20401; and U.S. Pat. Nos. 5,698,426; 5,223,409;
5,403,484; 5,580,717; 5,427,908; 5,750,753; 5,821,047;
5,571,698; 5,427,908; 5,516,637; 5,780, 225;
5,658,727; 5,733,743 and 5,969,108; each of which is
incorporated herein by reference in its entirety. As
described in the above references, after phage
selection, the antibody coding regions from the phage
can be isolated and used to generate whole antibodies
including human antibodies or any other desired
antigen binding fragment, and expressed in any desired
host, including mammalian cells, insect cells, plant
cells, yeast, and bacteria, e.g., as described in
detail below. For example, techniques to recombinantly
produce Fab, Fab' and F(ab')2 fragments can also be
employed using methods known in the art such as those
disclosed in PCT publication WO 92/22324; Mullinax et
al., BioTechniques 12(6): 864-869 (1992); and Sawai et
al., AJRI 34:26- 34 (1995); and Better et al., Science
240:1041-1043 (1988) (said references incorporated by
reference in their entireties). Examples of
techniques, which can be used to produce single-chain
Fvs and antibodies include those described in U.S.
Pat. 4,946,778 and 5,258, 498; Huston et al., Methods
in Enzymology 203:46-88 (1991);Shu et al, PNAS
90:7995-7999 (1993); and Skerra et al, Science
240:1038-1040 (1988). Alternative to screening of
recombinant antibody libraries by phage display, other
methodologies known in the art for screening large
combinatorial libraries can be applied to the
identification of dual specificity antibodies of the
invention. One type of alternative expression system
is one in which the recombinant antibody library is
expressed as RNA-protein fusions, as described in PCT
Publication No. WO 98/31700 by Szostak and Roberts,
and in Roberts, R.W. and Szostak, J.W. (1997) Proc.
Natl. Acad. ScL USA 94:12297-12302. In this system, a
covalent fusion is created between an mRNA and the
peptide or protein that it encodes by in vitro
translation of synthetic mRNAs that carry puromycin, a
peptidyl acceptor antibiotic, at their 3' end. Thus, a
specific mRNA can be enriched from a complex mixture
of mRNAs {e.g., a combinatorial library) based on the
properties of the encoded peptide or protein, e.g.,
antibody, or portion thereof, such as binding of the
antibody, or portion thereof, to the dual specificity
antigen. Nucleic acid sequences encoding antibodies,
or portions thereof, recovered from screening of such
libraries can be expressed by recombinant means as
described above {e.g., in mammalian host cells) and,
moreover, can be subjected to further affinity
maturation by either additional rounds of screening of
mRNA-peptide fusions in which mutations have been 



introduced into the originally selected sequence(s),
or by other methods for affinity maturation in vitro
of recombinant antibodies, as described above. In
another approach the antibodies of the present
invention can also be generated using yeast display
methods known in the art. In yeast display methods,
genetic methods are used to tether antibody domains to
the yeast cell wall and display them on the surface of
yeast. In particular, such yeast can be utilized to
display antigen-binding domains expressed from a
repertoire or combinatorial antibody library (e. g.,
human or murine). Examples of yeast display methods
that can be used to make the antibodies of the present
invention include those disclosed Wittrup, et al. U.S.
Patent No. 6,699,658 incorporated herein by reference.
4. Production of particular recombinant RAGE
antibodies of the invention Antibodies of the present
invention may be produced by any of a number of
techniques known in the art. For example, expression
from host cells, wherein expression vector(s) encoding
the heavy and light chains is (are) transfected into
ahost cell by standard techniques. The various forms
of the term "transfection" are intended to encompass a
wide variety of techniques commonly used for the
introduction of exogenous DNA into a prokaryotic or
eukaryotic host cell, e.g., electroporation,
calcium-phosphate precipitation, DEAE-dextran
transfection and the like. Although it is possible to
express the antibodies of the invention in either
prokaryotic or eukaryotic host cells, expression of
antibodies in eukaryotic cells is preferable, and most
preferable in mammalian host cells, because such
eukaryotic cells (and in particular mammalian cells)
are more likely than prokaryotic cells to assemble and
secrete a properly folded and immunologically active
antibody. Particular mammalian host cells for
expressing the recombinant antibodies of the invention
include Chinese Hamster Ovary (CHO cells) (including
dhfr- CHO cells, described in Urlaub and Chasin,
(1980) Proc. Natl. Acad. Sci. USA 77:4216- 4220, used
with a DHFR selectable marker, e.g., as described in
R.J. Kaufman and P.A. Sharp (1982) MoI. Biol.
159:601-621), NSO myeloma cells, COS cells and SP2
cells. When recombinant expression vectors encoding
antibody genes are introduced into mammalian host
cells, the antibodies are produced by culturing the
host cells for a period of time sufficient to allow
for expression of the antibody in the host cells or,
in particular, secretion of the antibody into the
culture medium in which the host cells are grown.
Antibodies can be recovered from the culture medium
using standard protein purification methods. Host
cells can also be used to produce functional antibody
fragments, such as Fab fragments or scFv molecules. It
will be understood that variations on the above
procedure are within the scope of the present
invention. For example, it may be desirable to
transfect a host cell with DNA encoding functional
fragments of either the light chain and/or the heavy
chain of an antibody of this invention. Recombinant
DNA technology may also be used to remove some, or
all, of the DNA encoding either or both of the light
and heavy chains that is not necessary for binding to
the antigens of interest. The molecules expressed from
such truncated DNA molecules are also encompassed by
the antibodies of the invention. In addition,
bifunctional antibodies may be produced in which one
heavy and one light chain are an antibody of the
invention and the other heavy and light chain are
specific for an antigen other than the antigens of
interest by crosslinking an antibody of the invention
to a second antibody by standard chemical crosslinking
methods.In a particular system for recombinant
expression of an antibody, or antigenbinding portion
thereof, of the invention, a recombinant expression
vector encoding both the antibody heavy chain and the
antibody light chain is introduced into dhfr- CHO
cells by calcium phosphate-mediated transfection.
Within the recombinant expression vector, the antibody
heavy and light chain genes are each operatively
linked to CMV enhancer/AdMLP promoter regulatory
elements to drive high levels of transcription of the
genes. The recombinant expression vector also carries
a DHFR gene, which allows for selection of CHO cells
that have been transfected with the vector using
methotrexate selection/amplification. The selected
transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and
intact antibody is recovered from the culture medium.
Standard molecular biology techniques are used to
prepare the recombinant expression vector, transfect
the host cells, select for transformants, culture the
host cells and recover the antibody from the culture
medium. Still further the invention provides a method
of synthesizing a recombinant antibody of the
invention by culturing a host cell of the invention in
a suitable culture medium until a recombinant antibody
of the invention is synthesized. The method can
further comprise isolating the recombinant antibody
from the culture medium. 4.1 Anti RAGE antibodies
Table 4 is a list of amino acid sequences of VH and VL
regions of particular 



anti-hRAGE antibodies of the invention. Table 4 : List
of Amino Acid Sequences of VH and VL regions of
anti-huRAGE antibodiesAPPARATUS AND METHOD OF
CLASSIFYING MOVEMENT OF OBJECTS IN A MONITORING ZONE
INTRODUCTION AND BACKGROUND This invention relates to
apparatus and a method of monitoring movement of
objects in a monitoring region. In US 5,51 9784 there
is disclosed apparatus and a method of classifying
movement of objects along a passage. The apparatus
comprises means for projecting an array of discrete
and spaced parallel linear radiation beams from one
side of the passage to an opposite side of the
passage. Detectors at the opposite side of the passage
sense when the beams are interrupted by one or more
persons moving in the passage in either of a first and
a second opposite direction. The spaced beams are
interrupted at different times in a sequence
corresponding to the number of and direction of
movement of persons. The sequentially generated
interrupted beam signals are stored as object movement
historic information in memory and then processed to
generate composite beam interrupt patterns manifesting
the number of persons and direction of movement, the
patterns being a function of time domain and sensor
index, i.e. sensor identity and position in the
passage. The resulting generated patterns are compared
to reference patterns utilizing computerized pattern
recognition analysis, such as with an artificial
neural network. The comparison classifies the persons
in the passage into direction of movement and
number.This apparatus and method may not be suitable
for some applications. For example, the means for
projecting the spaced parallel beams is mounted in an
elongate housing. The housing is normally mounted on
one side of the passage to extend parallel to the
floor at about between ankle and knee height. This
housing may be too large to fit into available space
therefor and/or may not be aesthetically acceptable in
certain applications. Furthermore, it is labour, time
and cost intensive to mount this apparatus on either
side of the passage and it often is necessary to chase
into the side-walls of the passage to install cabling
extending to the apparatus. Still furthermore, the
beam projecting means on the one side and the
detectors on the other side may become misaligned,
which would cause the apparatus to cease functioning.
Another problem with this side-on mounted apparatus is
that a person or object stationary in the passage
could interrupt the beams and hence cause at least
temporary insensitivity of the apparatus to other
objects moving along the passage on either side of the
stationary object. Still a further problem is that the
range of the projected beams may not be sufficient to
traverse a wide passage. Intermediate structures
carrying additional apparatus with all of the
aforementioned disadvantages are required to cover the
wide passage.Another known system, but which is
fundamentally different, uses tracking algorithms and
attempts to identify discrete objects and monitor
their position between successive frames produced by
an object sensing arrangement, in order to determine a
vector for each object of interest. The processing is
complex, as it requires a full analysis of each frame
and then a comparison to previous frames to determine
whether an object is either a previous object in a new
position or a new object altogether. Tied in with
this, is the difficulty in distinguishing between two
people on the one hand and one person carrying a
backpack or luggage, for example, on the other. By
isolating objects and obtaining their vectors, the
system is able to track their movement across a
predetermined monitoring region and thus increment or
decrement counts accordingly. Any inability of the
system to isolate objects, link their successive
positions or distinguish number of objects compromises
the accuracy of the system. In addition, the visual
analysis is extremely processor-intensive and thus
expensive. OBJECT OF THE INVENTION Accordingly, it is
an object of the present invention to provide
alternative apparatus and a method of monitoring
movement of objects through a monitoring
region.SUMMARY OF THE INVENTION According to the
invention there is provided apparatus for monitoring 



movement of objects through a monitoring region, the
apparatus comprising: - a sensing arrangement
sensitive to the presence or absence of an object in
each of a plurality of adjacent zones in the region;
the zones being arranged such that there are at least
two adjacent rows of zones in a first direction and at
least two adjacent rows of zones in a direction
perpendicular to the first direction; each zone being
associated with a respective zone index; the sensing
arrangement being configured to be sensitive to the
presence or absence of an object in each of the zones
individually and being operative t o capture time
sequential representations of objects moving through
the region comprising sensed data relating to the
presence or absence of objects in each of the zones; a
processor arrangement connected to the sensing
arrangement for processing the sensed data into a
multidimensional pattern of the presence or absence
ofthe objects in the zones, wherein a first dimension
is time and a second dimension is zone index; the
processor arrangement being configured t o segment the
pattern into pattern parts relating to events; and - a
classifier for classifying the pattern parts with
reference to historical data relating to anticipated
events. The sensing arrangement may comprise at least
one camera, which is mounted overhead the monitoring
region. The sensing arrangement may comprise a stereo
pair of cameras covering the region from different
angles. Hence, the system according to invention does
not attempt to identify each unique object in the
field of view but analyses an event and by comparing
this to previous knowledge of event features it is
able to give a count figure using the classifier,
which may comprise a neural network. The image
processing is relatively simple and may be done
relatively cheaply, while the neural network itself
can run on a relatively simple microprocessor, thus
saving on cost. It is believed that the system may
also alleviate at least some of the
aforementionedproblems associated with the
aforementioned side-on mounted system of US 5,51 9784.
The plurality of zones may form an array of
immediately adjacent zones and each zone may have a
first dimension in the first direction, a second
dimension in the second direction and an area. The
sensed data may comprise data or a parameter
proportional t o a part of the area of the zone being
occupied by the object. The processor arrangement may
be configured to segment the pattern along the time
dimension, in regions of the pattern of inactivity.
According t o another aspect of the invention there is
provided a method of monitoring movement of objects
through a monitoring region, the method comprising the
steps of: dividing the region into a plurality of
zones, each zone being associated with a zone index; -
the zones being arranged such that there are at least
two adjacent rows of zones in a first direction and at
leasttwo adjacent rows of zones in a direction
perpendicular to the first direction; utilizing a
sensing arrangement automatically and time
sequentially to sense the presence or absence of
objects in each of the zones individually; generating
data relating to a multi-dimensional pattern of the
presence or absence of the objects in the zones,
wherein a first dimension is time and a second
dimension is zone index; - segmenting the pattern into
pattern parts relating to events; and classifying the
pattern parts with reference to historical data
relating to anticipated events. Yet further included
in the scope of the present invention is a computer
readable medium hosting a computer program for
monitoring 



movement of objects through a monitoring region, the
program executing the steps of: receiving form a
sensor arrangement sensed data relating to time
sequential representations of objects moving through
the region, the sensed data comprising data relating
to the presence or absence of objects in each of
aplurality of zones, the zones being arranged such
that there are at least two adjacent rows of zones in
a first direction and at least two adjacent rows of
zones in a direction perpendicular to the first
direction and wherein each zone is associated with a
zone index; generating data relating to a
multi-dimensional pattern of the presence or absence
of the objects in the zones, wherein a first dimension
is time and a second dimension is zone index; -
segmenting the pattern into pattern parts relating to
events; and classifying the pattern parts with
reference to historical data relating to anticipated
events, thereby, in use, to provide as an output, a
count of objects moving in at least one direction
through the region. The invention also extends to
firmware comprising a computer program and to a
computer program configured to perform the
aforementioned steps. BRIEF DESCRIPTION OF THE
ACCOMPANYING DIAGRAMS The invention will now further
be described, by way of example only, with reference
to the accompanying diagrams wherein:figure 1 is a
diagrammatic representation of a monitoring region
with a camera of apparatus for monitoring movement of
objects through the region, mounted above the region;
figure 2 is a diagrammatic representation of an array
of zones in the monitoring region; figure 3 is a block
diagram of the apparatus; figure 4 is a flow diagram
of relevant parts of a method of monitoring movement
of objects through a monitoring region; figure 5 is a
diagram illustrating time sequential images of an
elliptical object moving through the region; figure 6
is a three dimensional representation, one dimension
being time, of the object moving through the region;
figure 7 is an alternative representation wherein the
three dimensional tensor has been flattened into a
twodimensional matrix; figure 8 is a resulting
representation of the event of figure 5; figure 9 is
an image of the event in figures 5 and 9; figure 10 is
a photograph from above of a plurality of people
moving through the region; figure 11 is a
representation similar to figure 6 of the event in
figure 10;figure 12 is an image similar to figure 9 of
the event in figure 10; figure 13 is a graph of
distributions associated with a pixel channel; figure
14 is a representation of a simple sub event model;
figure 15 depicts sub-event search images; figure 16
is a representation of maxima defining centres of
subevents; figure 17 is a representation of the first
four dimensions of a subevent model; figure 18 is a
representation of sub-events extracted from the event
in figure 15 and their classifications; and figure 19
is a representation of the original event in figure 15
and a residual event after the sub-events in figure 18
have been removed. DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION Apparatus for monitoring
movement of objects through a monitoring region 12 is
generally designated by reference numeral 10 in
figures 1 and 2 . The region 12 may form part of a
portal or passage 14 at a counting point, such as an
entrance 16 to a building 18 and the apparatus 10 may
be deployed automatically and over a period of time to
monitorand count people 26 entering and leaving the
building through that 



entrance, as will hereinafter be described. The
apparatus 10 comprises a sensing arrangement 20
sensitive to the presence or absence of an object 26
in each of a plurality of adjacent zones 24. 1 to 24.
n in the region. Referring to figure 2, the zones 24.1
t o 24. n are arranged such that there are at least
two adjacent rows of zones in a first direction (that
is a general direction of flow of objects through the
region) and at least two adjacent rows of zones in a
direction x perpendicular to the first direction. Each
zone 24.1 to 24. n is associated with a respective
zone index. The sensor arrangement 20 is configured to
be sensitive to the presence or absence of the object
in each of the zones individually and being operative
to capture time sequential representations, preferably
images (as shown in figures 5 and 6) of an object
moving through the region. The images comprise sensed
data comprising data relating to the presence or
absence of the object in each of the zones. A
processor arrangement 22 (shown in figure 3) is
connected t o the sensing arrangement 20 for
processing the sensed data into a multidimensional
pattern (shown in figures 7 and 8) of the presence or
absence of the object in the zones as the object moves
through the region, wherein a first dimension is time
and a second dimension is zone index. The processor
arrangement isfurther configured to segment the
pattern into pattern parts relating to events and a
classifier for classifying in real time the pattern
parts with reference to historical data relating to
anticipated events. The sensing arrangement may
comprise at least one image sensor, such as a video
camera 20 and associated optics 2 1, mounted at the
zone 12, for capturing time sequential images of the
zone, each image comprising sensed data. The apparatus
further comprises an electronic subsystem 23
comprising the processor arrangement 22 (shown in
figure 3) connected to the camera 20 for receiving the
sensed data from the camera and for generating the
multi-dimensional pattern data as will hereinafter be
described. The camera 20 is preferably mounted
overhead the passage in a roof 28 and hence above the
monitoring region 12. The camera may comprise a stereo
pair camera comprising first and second cameras
directed at the region at different angles so that
they cover the region from different angles to add an
extra dimension, and to define the monitoring region
12 at a suitable level or height h above a floor 30 of
the passage 14. The subsystem 23 may be provided at
the monitoring zone, alternatively centrally at the
same building t o be connected to similar sensing
arrangement at other entrances (not shown) of
thebuilding, further alternatively the subsystem may
be positioned remotely and off-site. In an example
embodiment shown in figure 2, the monitoring region 12
comprises a first axis extending in a first direction
and a second axis x extending in a second direction,
which is perpendicular to the first direction, so that
each zone has an area. The aforementioned plurality of
zones 24.1 to 24. n in the monitoring zone 12 form an
array of rows and columns of adjacent regions, each
having a first dimension in the first direction and a
second dimension in the second direction. In an
example embodiment shown in figure 3, the camera 20 is
connected to the processor arrangement 22 of the
subsystem 23. The processor arrangement comprises a
field programmable gate array (FPGA), alternatively a
complex programmable logic device (CPLD) 32. The FPGA
is connected to a dual port RAM arrangement 34 and the
arrangement 34 is connected t o a processing core 36.
In other embodiments (not shown) the processor
arrangement 22 may comprise a camera interface and a
processor with Direct Memory Access (DMA). The
subsystem 23 further comprises a communications module
38 connected t o the processing core 36 andto logic
circuitry 40. Also connected to the logic circuitry
are a real time clock (RTC) 42, data memory
arrangement 44 and program memory arrangement 46. The
apparatus 10 is provided with electrical power, by
power supply module 48, which is connectable to mains
power. The communications module 38 enables data
communications between the apparatus 10 and an
external network. As stated hereinbefore, the camera
20 is configured to capture time sequential images of
the region 12. Hence, each image and its 



associated sensed data are associated with unique time
related data, thereby providing a time dimension for
the sensed data and a mult i dimensional
representation, as will hereinafter be described.
Referring to figure 5, time sequential images
generated by the sensing arrangement 20 when an
elliptical object 26 moves through the region 12 are
illustrated in figures 5(a) to 5(f). For example, at
the time of the second image, that is the image in
figure 5(b), the object covers zone 24.3 completely
and zones 24,2, 24.4 and 24.8 partially. The sensed
data may, as a parameter, include data proportional to
a part of the area of the zone being occupied or
covered by the object.The stream of sensed data or
matrixes in figures 5(a) to 5(f) may be represented in
a three-dimensional representation, wherein time is
one dimension and as illustrated in figure 6. The
three-dimensional representation may be rearranged by
vectorizing the matrixes and so flatten the
three-dimensional tensor into a twodimensional
representation wherein one dimension is time (t) as
illustrated in figure 7. The stream of pattern
matrixes is segmented in time, corresponding to
periods of activity. An event is triggered whenever
the sum of pattern matrix elements exceeds a threshold
level over a small set of consecutive frames.
Conversely an event is terminated whenever the sum
falls below the threshold over a set of consecutive
frames. Representations of the event in figure 5 are
shown in figures 8 and 9. In figure 10 there is shown
another example event wherein a plurality of people
are moving in either direction through the region 12.
Figure 11 corresponds to figure 6 for the latter event
and figure 12 corresponds to figure 9 for this latter
event.Referring now t o figure 4, the apparatus and
method have the following main components,
preprocessing 60, event extraction 70, feature
extraction 80 and classification 90 to transform and
process a mass of pixel related data in a video volume
down t o two numbers, namely count in direction A and
count in direction B. The front end video
pre-processing 60 is concerned with processing the raw
pixel stream into a form that is distinctive yet
invariant with respect to the background as well as
global variation in brightness and contrast. This part
of the system may be the most computationally
sensitive as it operates on a per pixel level. Thus,
video processing is intentionally kept relatively
simple. At 62, the image is first reduced to a
manageable size by filtering and down sampling. From
this resized image an active region is extracted. The
active region is a user specified area in a frame that
defines the boundary across which people are counted.
For computational efficiency this boundary is required
to be straight and image axis aligned. This boundary
defines two directions, the first direction of flow
and the second direction x perpendicular thereto. The
active region is an axis aligned rectangle that is
centred on the boundary. The rectangle's lateral width
is specified by the user and its dimension along the
direction of flow is determined by the relative scale
of an average human in the frame.Only the active
region is processed further and the rest of the frame
is discarded. An important task of the pre-processing
is to normalise the raw input video with respect to
the background. The background in this context shall
be defined as the part of the image that corresponds t
o objects in the scene that are physically static over
an extended period of time. The foreground,
conversely, corresponds to the parts of the image that
depict physically moving objects. To segment each
frame as such, models of the pixel variation
associated with both the foreground and background are
constructed. Since the background is defined by its
slow rate of change a background model 64 is
approximated by essentially applying a temporal
low-pass filter to statistics associated with the
input video. A foreground model is constructed by
analysing the statistics of image regions not
sufficiently described by the background model. This
normalisation process is referred to as background
removal. It ultimately attempts to assign, to each
pixel of an input frame, a probability that it is part
of the foreground (a moving object). For computational
simplicity each input pixel is considered
independently, each pixel in turn has a set of
channels associated with it. The variation within
these channels is modelled by a multivariate 



Gaussian distribution. This choice is weakly motivated
by the ubiquityof the Gaussian distribution due to the
Central Limit Theorem, but more so by the fact that
the Gaussian distribution can be fitted to input data
simply by calculating its average and spread. The
multivariate Gaussian distribution of a d-dimensional
random variable x with mean mand covariance  is as
follows: Often the logarithm of this distribution is
more convenient for computation: tn(G m ; (D)) =
-~[dln(2p)+ln||+ DGS 'D] Where D x- m Each pixel is
represented by a ddimensional vectorx of pixel
channels. Currently four channels are used, the
luminance and two chrominance values from the YUV
colour space as well as the time derivative of the
luminance. Pixel foreground and background conditional
distributions as follows: P(Xl XeS ) =Gm (x) Where s
and Sbg S represent the sets of the possible xthat
corresponds to the foreground and background
respectively and{ > S " } a n |m/ ,/ } correspond t o
the mean and covariance associated with the foreground
and background respectively. To keep this derivation
concise the fg and bg subscripts that denote the two
distributions shall be omitted in equations that hold
for both the foreground and background models. For the
sake of computational simplicity the pixel channels
are assumed independent. Thus  is assumed diagonal and
so the Gaussian distributions may be expressed as
follows Where <t2 correspond to the diagonal elements
of  and , and m, are the elements of a xand
mrespectively for i =\..d . Given the prior
probabilities for the two classes, {c sfg ) gfg,?[x
sbg )  rb he conditional distributions can be
transformed into joint distributions: P(x,x e S) =P(xe
S)P(x| xe S) p(x) Note the priors are constrained by y
+gbg i , since a pixel belongs to either the
foreground or background.The ultimate goal is the
posterior probability p ce /g|c z/ r (x), the
probability that a given pixel is part of the
foreground. This may be calculated according to Bayes'
theorem as follows: In terms of the logarithmic forms
of the distributions, which better represents the
actual method of calculation, may be expressed as
follows: L(x)  lnp(x) =1n g - - dln(2 )+ (X)) The
parameters of these distributions, {m , } and {m/ , }
are adapted over time to track changing illumination
and changes in the background. The background mean m
is modelled per pixel however the variances ./g ,  and
the foreground mean mbg are global and shared by all
pixels in the image. This choice was made to keep the
computational complexity down but also to keep the
calculation of the variances more stable by averaging
the statistic over the entire frame.Figure 13 is a
typical example of the distributions associated with a
pixel channel. The posterior probability is close to 1
where the foreground is dominant, but decreases to
almost 0 where the background is dominant. The pixel
model parameters are gradually updated after each
frame so as to track slow changes in statistics caused
by variation in global illumination or additions to
the background. The model parameters are updated in a
manner similar to a first order low-pass HR filter.
Given the current parameters q the new parameters q,+l
are defined as follows: q+ 1 = where l is the
adaptation rate and q is the vector of parameters
obtained by fitting the model to the data in the
current frame. The foreground a background means and
variances are approximated as weighted first and
second moments of the pixel channel values. The pixel
weightings are dependent on their associated
probabilities. The foreground probability is used in
the calculation of the foreground model parameters and
the background probability for the background
parameters. A much slower adaptation rate is used for
the variance calculation since it requires more
degrees of freedom, thus more data 



is needed to reliably determine it. A non-linearity is
added to this linear approach by making l dependent on
the foreground and backgroundpixel probabilities. This
is done with the variance update by modulating l by
the fraction of foreground pixels in the current
frame. Thus variances only change when there is
activity within the frame. This prevents the variances
from becoming artificially small over long periods of
no activity. This also makes sense in that one is only
interested in distinguishing foreground and background
at times of activity within the frame. Once the input
video is normalised into a form that is independent of
the background and illumination, the video it is
broken down into manageable chunks. This is done by
down sampling the normalised video into patterns and
then segmenting these patterns in time to form events.
Patterns are extracted at 72 for each frame directly
from its foreground probability image. The pattern is
simply constructed by averaging the foreground
probability within the zones 24. 1 to 24. n of the
grid or array spanning the region. As shown in figures
2 and 5, the grid has four divisions in the direction
of flow. The number of divisions in the lateral
direction is dependent on the physical width of the
active region. The zones' aspect ratio is kept
constant, however, their scale is matched to the
average relative size of a human in the frame.
Thus,each frame yields a pattern that may be
represented by a matrix whose elements correspond to
the fraction of foreground pixels in their associated
zone. The pattern matrices are stacked over time into
what may be thought of as a three-dimensional tensor
and as shown in figures 6 and 11. At 74 in figure 4,
this stream of pattern matrices is segmented in time
into events, corresponding to periods of activity. An
event is triggered whenever the sum of pattern matrix
elements exceeds a threshold over a small set of
consecutive frames. Conversely an event is terminated
when the sum falls below the threshold over a set of
consecutive frames. The representation in figure 11
depicts each zone as a cube with a size proportional
to the zone's value. To compactly visualise theses
events it is useful to flatten the three dimensional
structure along the direction of flow to form a
matrix, as illustrated in figure 7 which may be
conveniently depicted as a two-dimensional image, as
is the case figures 8, 9 and 12. Referring again to
figure 4, in an attempt to compact event patterns in
time and t o some extent normalise the event with
respect to object velocity, an approach analogous to
Run Length Encoding (RLE) is applied at 76 to the
events. The process begins with the first frame
pattern as a prototype. Frames are then compared in
succession with the prototype, if theframe is not
represented well by the prototype (i.e. the difference
is large) it then becomes the new prototype. This
process continues until the end of the event is
reached. The normalised event is constructed by
averaging the stretches between prototype changes into
single patterns. The length of each span is also
recorded an appended onto each prototype vector so
original timing is not lost. A normalised mean square
distance measure is used to compare patterns Where p.
are column vectors representing patterns and c is a
small positive regularising constant t o prevent
division by zero. For clarity, any events mentioned in
the remainder of this description shall be assumed
normalised in this respect. Feature extraction at 80
in figure 4 generally involves projecting from some
usually high dimensional input space associated with
an input sensor arrangement 20 to a low dimensional
parameter space associated with a model of the objects
of interest. In this case, featureextraction is
concerned with projecting a variable length event
pattern into a distinctive fixed length feature
vector. Events are further decomposed into regions
that correspond to common lower level sub-events such
as single people, 2 people close together or a person
with a trolley. To do this, a model 82 of such
sub-events is constructed. Linear models provide the
simplest option for this as there exists closed form
solutions to their construction, such as Principle
Component Analysis (PCA) and Linear Discriminant
Analysis (LDA). While these methods produce models
that compactly and distinctly represent the
sub-events, they do not provide a direct 



method of classifying them. For this, a Gaussian
Mixture Model (GMM) is used to partition the subspace
produced by PCA and LDA into classes. The sub-event
model consists of two related models, a simple search
model used to efficiently find (at 84 in figure 84)
sub-events within an event; and a more complex
classification model used to provisionally or weakly
classify them at 86. Both of these models consist of
linear basis constructed using LDA and a GMM defined
in the sub space spanned by the basis. Sub-events span
a fixed size window within the larger event. In this
case a 6x4x16 window is used. If the window extends
beyond the dimensions of the event, zeros are
substituted for the out of bounds elements. Augmented
tothe sub-event data extracted from within the window,
is the relative lateral location of the window as well
as the set of spans generated by the RLE compression
that correspond to the window frames. As stated
hereinbefore, a simple sub-event model is used to
efficiently find at 84 valid sub-events within an
event. This simple model attempts to distinguish
between three classes: Inward - sub-events that are on
average in the inward direction as illustrated at A in
figure 2; Outward - sub events that are on average in
the outward direction as illustrated at B in figure 2;
and Null - Regions of the event that do not correspond
to moving people. The exemplars for each of the
classes when projected back into the event space are
shown in the following table: Table 1 Simple sub-event
classesIn figure 14 there is depicted the GMM used to
distinguish these classes within the LDM sub space. In
the plot, the lines correspond to the iso-probability
lines of the individual Gaussian components. Note the
Gaussian components have unrestricted covariance
matrices, thus the iso-probability lines map to
ellipsoids. The background image in the plot depicts
the soft decision boundaries generated by the
posterior probability of the classes. Sub-events are
found at 84 by exhaustively searching the event in
time and along the direction lateral movement. A
three-dimensional window, the size of the sub-event
model, is slid over the event, classifying each point
as either the centre of an inward, outward or null
sub-events. This produces a pair of two-dimensional
search images as shown in figure 15, corresponding to
the inward and outward directions. These images are
added together and smoothed to produce an image with
well defined maxima as shown in figure 16. It is these
maxima that define the centres of the sub-events. The
maxima in figure 16 are indicated by black pixels 100
in the blob centres. The inward and outward images are
used again later in the in the feature
calculation.Once sub-event centres are found as
aforesaid, they need to be weakly classified at 86 in
figure 4. This is done with a more elaborate
classifying sub-event model. It is more
computationally expensive and more discriminating, but
is only applied to already found sub-events and not
the entire event. This model uses a five-dimensional
basis. Twelve sub-event classes are distinguished by
this model. These classes are summarised in the
following table: Table 2 : Sub event classes Like the
simple model each class is modelled as a Gaussian
component with unrestricted covariance. Figure 17
shows the first four dimensions of the sub-event
model.The x's in figure 17 plot the sub-events found
in the example event in figure 15 with each square
labelled according to a rounded version of the
sub-event model's classification of it. The
corresponding appearance of these sub events in the
event space and their classification is shown in
figure 18. The classification sub-event model seems to
have done quite well in this particular case as the
actual count for the entire event is 4-2. Each
sub-event is classified in turn each producing a
vector of posterior probabilities where the ith
element corresponds to the probability that the
sub-event represents the ith class. These vectors are
summed over all the sub-events to produce a vector z
that forms part of the final feature vector. The
components of z roughly correspond to the number of
sub-events of each class within the 



event. If two sub-events are found close together with
an appreciable overlap in their associated windows,
the possibility arise that the overlapping information
is counted twice, once for each sub-event. To mitigate
this after each sub-event is classified, the result of
the classification is projected back into the event
space and subtracted from the original event
effectively marking that part of the event as counted.
Figure 19 shows the original event and what remains
after the sub-events have been successively
removed.The construction of the sub-event model
requires that the locations and labels of the
sub-events within the training data are known.
However, this data is not available, since the
training data is not segmented down to sub-event
level, there is but a single label per event. Thus, an
iterative approach is used to build the sub-event
model. The process begins with an initial model
constructed under the assumption of a single sub-event
per event, centred at the event's centroid. Using this
rough model a new set of sub-events are found and
classified from which the model may be recalculated
and so the process continues until the model
converges. The feature vector f consists of a set of
aggregate statistics over the entire event. The
structure of the feature vector is as follows Where:
te Duration of the event in frames tc Length of the
compressed event mm Moments of the inward search image
m I Moments of the outward search image The sum of the
maxima values corresponding to sub events centresz The
total sub event classification vector The moment
vectors m and m I consist of the 0th and 2nd degree
moments of the in and out search images illustrated in
figure 15. Each moment vector has 4 dimensions of the
following form m = [ 0,0 2,0 0.2 u ] Where if f x4
represents an image element at lateral position x and
time m, '"1,0 ,ij m x i I ' d - "1,0 m, m,0,2 " 0 -L
[x .] ,0 m mi,o ""o,i ] 1/4 , [ ,I The sub-event
classification vector is twelve-dimensional, as there
are twelve sub-event classes, the moment vectors
contribute four components each and there are the
three scalars, thus the final feature vector is
twenty-three dimensional. Referring again to figure 4,
the goal of the classification at 90 is to extract the
final "in" and "out"-counts from each feature vector.
A mapping between feature vectors and counts needs to
be constructed,which constitutes a regression problem.
An artificial neural network 92 is used to implement
this mapping. The neural network learns this mapping
from a large set of tagged events by optimising the
regression error. A Standard Multi-layer Perception
(MLP) is used, with a single hidden layer using
sigmoid activation functions and output layer with
linear activation for regression. The training of the
MLP is essentially an optimisation problem, minimising
the output error with respect to the edge weights, for
this a conjugate gradient descent algorithm is used.
The training data takes the form of a set of feature
vectors and corresponding count labels. However,
before training, the features are whitened,
normalising the feature space to unit covariance, so
improving the chance of convergence to an absolute
minima. The normalizing projections are incorporated
back into the first layer weights of the neural
network after it is trained. It will be appreciated
that the output of the neural net could be used 



to count people moving through the region and any one
of the direction A and direction B shown in figure
2.CLAIMS 1. Apparatus for monitoring movement of
objects through a monitoring region, the apparatus
comprising: a sensing arrangement sensitive to the
presence or absence of an object in each of a
plurality of adjacent zones in the region
individually; the zones being arranged such that there
are at least two adjacent rows of zones in a first
direction and at least two adjacent rows of zones in a
direction perpendicular to the first direction; each
zone being associated with a respective zone index;
the sensing arrangement being operative to capture
time sequential representations of objects moving
through the region comprising sensed data relating to
the presence or absence of the objects in each of the
zones; a processor arrangement connected to the
sensing arrangement and for processing the sensed data
into a multidimensional pattern of the presence or
absence of the objects in the zones, wherein a first
dimension is time and a second dimension is zone
index; the processor arrangement being configured t o
segment the pattern into pattern parts relating to
events; anda classifier for classifying the pattern
parts with reference to historical data relating to
anticipated events. 2. Apparatus as claimed in claim 1
wherein the sensing arrangement comprises at least one
camera, which is mounted overhead the monitoring
region. 3. Apparatus as claimed in claim 1 or claim 2
wherein the sensing arrangement comprises a stereo
pair of cameras covering the region from different
angles. 4 . Apparatus as claimed in any one of claims
1 to 3 wherein the plurality of zones form an array of
immediately adjacent zones and wherein each zone has a
first dimension in the first direction, a second
dimension in the second direction and an area. 5.
Apparatus as claimed in claim 4 wherein the sensed
data comprises a parameter proportional to a part of
the area of the zone being occupied by the object.6.
Apparatus as claimed in any one of claims 1 to 5
wherein the processor is configured to segment the
pattern along the time dimension, in regions of the
pattern of inactivity. 7. A method of monitoring
movement of objects through a monitoring region, the
method comprising the steps of: dividing the region
into a plurality of zones, each zone being associated
with a zone index; the zones being arranged such that
there are at least two adjacent rows of zones in a
first direction and at least two adjacent rows of
zones in a direction perpendicular to the first
direction; utilizing a sensor arrangement
automatically and time sequentially to sense the
presence or absence of objects in each of the zones
individually; generating data relating t o a
multi-dimensional pattern of the presence or absence
of the objects in the zones, wherein a first dimension
is time and a second dimension is zone index; -
segmenting the pattern into pattern parts relating to
events; andclassifying the pattern parts with
reference to historical data relating to anticipated
events. 8. A computer readable medium hosting a
computer program for monitoring movement of objects
through a monitoring region, the program executing the
steps of: receiving form a sensor arrangement sensed
data relating to time sequential representations of
objects moving through the region, the sensed data
comprising data relating t o the presence or absence
of the objects in each 



of a plurality of zones, the zones being arranged such
that there are at least two adjacent rows of zones in
a first direction and at least two adjacent rows of
zones in a direction perpendicular to the first
direction and wherein each zone is associated with a
zone index; generating data relating to a
multi-dimensional pattern of the presence or absence
of the objects in the zones, wherein a first dimension
is time and a second dimension is zone index; -
segmenting the pattern into pattern parts relating to
events; andclassifying the pattern parts with
reference t o historical data relating to anticipated
events, thereby in use to provide as an output, a
count of objects moving in at least one direction
through the region. 9. Firmware hosting a computer
program for monitoring movement of objects through a
monitoring region, the program executing the steps of:
receiving form a sensor arrangement sensed data
relating to time sequential representations of objects
moving through the region, the sensed data comprising
data relating to the presence or absence of the
objects in each of a plurality of zones, the zones
being arranged such that there are at least two
adjacent rows of zones in a first direction and at
least two adjacent rows of zones in a direction
perpendicular to the first direction and wherein each
zone is associated with a zone index; generating data
relating to a multi-dimensional pattern of the
presence or absence of the objects in the zones,
wherein a first dimension is time and a second
dimension is zone index;segmenting the pattern into
pattern parts relating to events; and classifying the
pattern parts with reference to historical data
relating to anticipated events, thereby in use to
provide as an output, a count of objects moving in at
least one direction through the region. 10. A computer
program for monitoring movement of objects through a
monitoring region, the program being configured to
execute the steps of: receiving form a sensor
arrangement sensed data relating to time sequential
representations of objects moving through the region,
the sensed data comprising data relating to the
presence or absence of the objects in each of a
plurality of zones, the zones being arranged such that
there are at least two adjacent rows of zones in a
first direction and at least two adjacent rows of
zones in a direction perpendicular to the first
direction and wherein each zone is associated with a
zone index; - generating data relating to a
multi-dimensional pattern of the presence or absence
of the objects in the zones,wherein a first dimension
is time and a second dimension is zone index;
segmenting the pattern into pattern parts relating to
events; and classifying the pattern parts with
reference to historical data relating to anticipated
events, thereby in use to provide as an output, a
count of objects moving in at least one direction
through the region. 


